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DESCRIPTION 


This PAL converts the CPUs bus enable lines to address lines and cycles from 
one to the next when multiple cycles are required. It also determines when 
the last cycle is in progress to develop the Cycle LAST signal. 

Rev A of this device changes the CX16# equation to go away on ALE. The input 
TO1 is changed to T10 and M-IO is changed to LM-I0 as part of an overall 
change to delay the sampling of I016* by one clock. Rev A can be used in any 
D4-PROCESSOR from rev XS up. 

Rev D is for the D4-Processor Enhanced (387 version) 
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PAL 20R8A ; : . PAL DESIGN SPECIFICATION 
D4-STATB 108219-001 PAUL R. CULLEY 07/17/86 


Bus controller state machine logic 
Copyright COMPAQ COMPUTER Houston, Texas 


CLKI&é /MYCYC /CLAST /CX16 LMIQ /LNOWS /BWAIT /M16 TOO TO1 Ti0  =GND 
/GE T31 | /BRDY /TSO /CMD /WOEN /T40 /¥41_CK8 /ALE /RST VCC 


sThe following functions are clocked by CLK14&# 


TSO t= 

/RST* /CLAST® T41# /BWAIT sSTART NEXT CYCLE WHEN DONE WITH 
+ /RST# /CLAST# /CKS# LNGWS* CMD 3; PREV CYCLE AND MORE IN GROUP 
+ /RST# CLAST# 141% /BWAIT# MYCYC ;START NEXT CYCLE WHEN DONE WITH 
+ /RST® CLAST# /CKS® LNOWS# CMD# MYCYC ; PREV CYCLE AND NEW CPU REGUEST 
IS PENDING 


we 


CMO t= 
/RST# CMD /LNOWS# /T41 sHOLDS UNTIL ENDED BY END OF 
+ /RET# OCMD*® /LNOWS* BWAIT . 3 WAIT 
+ /RST® CMD# CKB OR NOWS AND CK& LOW 
+ /RST# /CMD® ALE# M146# LMIO sSTARTS AFTER ALE UNLESS 
+ 


/RST# /CMD# TOO ; CMDLY ‘THEN AFTER TOO} 


we 


WDEN := 
/RST# TSO sSTARTS WHEN ALE DOES AFTER TSO 
+ /RST# /TSO# /ALE# /CMD# /TOO# MYCYC :0R WHEN CPU SENDS NEW START REQUEST 
+ /RST# ALE sCONTINUES THROUGH TOO 
+ /RST# TOO sAND TO1 
+ /RST# CMD sUNTIL AFTER CMD GOES AWAY 
T41 c= 
/RET# T40 ;STARTS WHEN T40 ENDS 
+ /RST# T10#% CxX16 * /LNOWS* CMD 30R WHEN T10 ENDS ON I/G CYCLE 
+ /RST*® T41% BWAIT sAND HOLDS TILL WAIT IS GQNE 
T40 c= 
TO1e CX16* /LNOWS# /RST sSTARTS AFTER TO1 IF 16 BIT 
+ 731% /LNOWS# /RST ;0R AFTER T31 OTHERWISE 
/CKS 3= 
/RST*# TSO sSET TO LOW DURING ALE AFTER TSO, 
+ /RST® /TSO*# /ALE* /CMD*® /TOO# MYCYC sWHEN CPU SENDS NEW START REQUEST 
+ cKe s OTHERWISE, DIVIDE BY TWO 
BRDY := 
/RST# CLAST# T41% /BWAIT sSTART NEXT CYCLE WHEN DONE 
+ /RST# CLAST# /CK3* LNOWS* CMD s WITH PREV CYCLE AND NO MORE IN GROUP 
ALE i= 
/RST* TSO sALE FOLLOWS TSO FOR INTERNAL USE 


+ /RST* /TSO® /ALE® /CMD# /TOO# MYCYC 3 WHEN CPU SENDS NEW START REQUEST 
FUNCTION TABLE 


CLK1é /OE /RST /M1é LMIO /LNOWS /BWAIT /CLAST /CX14 /MYCYC TSO ALE TOO 
TO1 T10 T31 T40 T41 /BRDY /CMD /WDEN CK 
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DESCRIPTION 


This PAL implements some of the bus controller state machine logic. 

REV B adjusts the sampling time of the I1016# line by adding state T10 to the 
startup of T41. If the CX16# (1016) line comes in after TOO, then we shift 
to T41l instead of T40. REV B also tightens up the response from ADS# to ALE 
by one clock by shifting directly to ALE from MYCYC during the initial bus 
transaction. State TSO is still used between transactions. 


PALI6L8B 


D4-SADI. 1054645-001 
Address to byte enable conversion and read latch enable logic 
Copyright 1986 COMPAQ COMPUTER 


Al AO 
TST /BEO 


IF CHLDA) BEO = 
IF (HLDA) BEL = 
IF (HLDA) BEZ = 
IF (HLDA) BES = 


IF (/TST) /BOCK 


IF (/TST) /BiCkK 


IF (/TST) /B2CK 


IF (/TST) /B3CK 


FUNCTION TABLE 


TST HLDA 
/BE3 /BE2 


we M8 an WE we we 


/BHE 70X16 
/BE1 /BEZ 


/AL ® /AO 


/Al ® BHE 


Al # /AG 


Al * BHE 


++ + ii 
DP 
° 


+ 4+ + + il 
~~ 
7 
» 
_ 
oOo 


++ $+ 
r 
vi 
a 


* /BO 


/CX16 # /AQ 


++ ++ ti 
~ 
D 
font 


Houston, Texas 


NC2 


/BES 


/BHE 
B3CK 


/CMD 
BOCK 


/CX16 
B2CK 


PAL DESIGN SPECIFICATION 


PAUL R. CULLEY 02/13/86 


LW-R 
B1iCK 


/CMD 
B1iCK 


HL.DA NC1 GNU 
B2CK BSCK vce 


LW-R 
BOCK 
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DESCRIPTION 


This PAL contains the logic to back drive the 386 byte enables during the non 
CPU operations. It decodes the address inputs and drives the appropriate BEx 
lines whenever the 366 is in a HLDA state. 


This PAL also contains the decoding logic to drive the read latches clock lines 
(74ALSS73 fall through latch). These clock lines have positive true outputs 
and are enabled when the CPU executes a MRDC, IORC, or INTA command. 

The basic equation is: BxCK = BSOx * CMD # /LW-R 


PAL16L8B PAL DESIGN SPECIFICATION 
D4-SCMDD 108394-001 . - PAUL R. CULLEY ~ 01/09/87 
Command encode and decode logic 

Copyright 1986, 1987 COMPAQ COMPUTER Houston, Texas 


/CMD /DCMD =LM-IO LW-R LD-C /RFSH /BHLDA NCI1 NCI2 GND 


/OE /TOWC /MRDC /MWTC 8 /TORC MHLDA = M-I0 D-C ' WR vec 
IF (/BHLDA* OF) MRDC = 

CMD # LM-IO # /LW-R s PROCESSOR MEMORY READ 
+ DCMD * MRDC 3; SHORT READ HOLD 


IF (/BHLDA® OE) MWTC = 


CMD # LM-IO *# LW-R * LD-C PROCESSOR MEMORY WRITE 


“0 


IF ¢€/BHLDA® O£) IORC = 
CMD * /LM-IO *# /LW-R # LD-~C 
+ DCMD * IORC 


PROCESSOR 1/0 READ 
SHORT READ HOLD 


we we 


IF (/BHLDA# OE) IQWC = 


CMD # /LM-IO * LW-R #* LD-C ; PROCESSOR 1/0 WRITE 
IF (BHLDA® OE) /M-IO = MWTC + MRDC ; NON CPU MEMORY OPERATION 
IF (BHLDA# GE) /D-C = RFSH ; NON CPU REFRESH OPERATION 
IF (BHLDA® OF) /W-R = MWTC ; NON CPU WRITE OPERATION 
/MHLDA = 

/BHLDA SAME A BHLDA EXCEPT 


we we 


+ /MHLDA * /M-I0 WHEN GOING HOLD, WAIT FOR M-IO TO GO HIGH 


FUNCTION TABLE 


. AOE /DCMD /CMD LM-I0 LD-Cc LW-R /RFSH /BHLDA 
/MRDC /MWTC /TORC /TOWC MHLDA M-1I0 D-C W-R 
; / 

Ae aan 2 /B s// 7% 

> D/MLLRH MMIIH M 

» CC-DWFL RWOOL -ODW 
sOMMI--SD DTRWOD I-- 
-EDDOCRHA cCCcCcA OCR 
LHLLLLULUH HHHHL Z2Z2Z 3; INTA 
LHLELLLHLHEH HHHHL ZZZ ; 
LHLLHLLH HHLHL 222 = 3; IORC 
LLLLHLLH HHLHL ZZZ 3s IORC 
LLHLHLLH HHLHL 2ZZ2Z_= ¢ IORC 
LHLLHHLEH HHHLL Z2Z2Z = +: IOWC 
LHLHLLLH LHHHL ZZzZ_ :; CODE MRDC 
LHLHLHLH HHHHL ZZZ ; 
LHLHHLLH LHHHL Z2ZZ_ss MRDC DATA 
LLLHHLLH LHHHL Z2ZZ_=s: MRDC DATA 
LiHHHLLH LCHHHL 2Z2Z2Z_ 3; MRDC DATA 
LHLHHHLH HLHHL Z2Z2Z 3: MWTC 
LHHHHHLH HHHHL ZZZ ; 
HHHHHHLH ZZZ22Z2%X% 7727 3 
HHHHHHLL ZZZ22%X% ZTziz ; 
LHHHHHLL HHZZH HLH 3s RFSH 
LHHHHHLL LHZZH LLH ; RFSH MRDC 
LHHHHHHL LHZZH LHH ss MRDC 

L HHHHHHLEL HLZZH LHL s MWTC 


Fis 2 


ee ee es eT | 


HHLHHLHH ZZZZLLHH 
HHLEHHLHL ZZZZL LHH 
HHHHHHHL.ZZZ2H HHH ; 
/ ww 
ze tk /B Ss sam 
D/MLLRH MMIIH M 
CC-DWFL RWOOL -DW 
OMMI--SD DTRWD I-- 
EDDOCRHA CCCCA OCR 
DESCRIPTION 


This PAL decodes the processor status lines and generates the normal command 
output signals. These signals are floated during non processor commands. 


In addition, the PAL decodes the non processor operations and feeds them to 
the cpu status bus during HOLDA. 


Rev A of the PAL adds the input DCMD* and OE#. DCMD* is used to provide a 
short data hold time for read operations by extending MRDC and IORC by one 
PAL delay (10 ns). OGE# is added to disable all outputs for testing. 

Rev D of the PAL removes INTA and adds MHLDA for use in the DF3E D4—-processor 
board (with 387). 


HLDA M-I0 D-C W-R 

CPU INTERRUPT ACK 

CPU NEVER PRODUCES THIS CODE 

CPU 1/0 READ 

CPU 1/0 WRITE 

CPU MEMORY CODE READ 

CPU HALT OR SHUTDOWN 

MEMORY DATA READ 

CPU MEMORY DATA WRITE 

NON CPU REFRESH WRITE (SHOULD NOT HAPPEN) 
NON CPU REFRESH READ 

NON CPU MEMORY WRITE 

NON CPU MEMORY READ 

NON CPU REFRESH CYCLE (BEFORE OR AFTER) 
NON CPU NO CYCLE PRESENT 
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PAL16L8A_ 
D4-SCPYD 108395-001 


Copy buffer control logic and DMA low address logic 
Houston, Texas 


Copyright 1984 COMFAD COMPUTER 


/M16 /MROC 


/HLDA 


/TO1 
/BAENZ 


/MWTC 


COPYEN 


++ + + + 


DAEN1 # XAO *# LM16 # IORC 
COPYHL /DAEN # BHE # XAO # /LM16 
/JOAEN * BHE # XAO ® /IM14 
DAENi # XAG # LM1é * MRO 
COPYHL # COPYEN 


++ + 


DAEN 


DAEN1 # HLDA 
AEN2 * HLDA 


+ 


IF (AEN * HLTA) /XA0 = AENZ 


IF (DAEN) BHE = 
+ AENZ 


XAO # DAEN1 


LM1é Mié # BALE 
LM1é& # /BALE 


LM14 # Mié 


+ + it 


DAENZ = AENZ #* HLDA 


/TOWX 
/COPYEN /COFYHL /DAEN 


/DAEN® BHE # XAO # /LM14% MWTC 
/DAEN® BHE # XAQ ® /1016# IOWX 
/DAEN* BHE # XAO * /LM16# MRDC 
/DAEN# BHE # XAO #* /10146# IORC 
DAEN1 # COPYHL *# XAO * LMi4é # MROIC 


# MWTC 


* TOWX 


/TORC 
/ BHE 


FUNCTION TABLE 


/M1& /1G1& /MRDC 
/BHE XAQ /COPYEN 
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PAL DESIGN SPECIFICATION 


PAUL R. CULLEY 12/17/86 
/TIAENL AEN2 BALE GND 
XAQ /LM16 NCO1 VCC 
sCPU write MEM 
3CPU write 1/0 
sCPU read MEM 
sCPU read 1/0 
3DMA byte mem read high of 16 


sDMA byte mem write high of 16 
ghem write 

21/0 write 

;0MA byte mem read high of 14 


3 Short holdover for write 


:If word type of DMA, enable out 
3 (Pin is Jow for word DMA) 


sif DMA, enable output 
sIf byte type, is inverted XAO 
sIf word type, is active 


sEnable Mi& input 
slatch term 
zUegiitch term 


TIGHTEN UF ON HLDA 


/MWTC /IORC /IOWX /DAEN1 /AEN2 BALE /HLDA 
/COFYHL /DAEN /LM16 /DAEN2 
cc 

D / 00 D 
II AABH PPDLA 
OOEEAL BX YYAME 
RWNNLD HA EHEI1N 
CX12EA EO NLN4S2 
HHHHLH HL HHHXH ; INACTIVE 
LHHHHH LH LHHLH ; IORC 
HHLHLELL LH LLLLH ;MRDC 
LHLHLL LH LLLLH ; IORC 
HHLHLL HL HHLLH ;DAEN INACTIVE 
HHHLLELL LL HHLLL ; DAENZ 
LLHHHH LH HHHLH 
HHHHHH LH HHHHH ; INACTIVE 
HHHHHH LH LHHHH sMRDC PROC 
HHHHLH LH LLHHH sMWTC PROC 
HHHHLH HH HHHHH ; 
HLHHLH LH LLHHH s1OWC PROC 
HHLLHH ZZ HHHLH ; 
HHLLLH 22 HHHLH ; 
HHLLLH ZZ HHHLH ; 


we So ve @ we wr 
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DESCRIPTION 


This PAL implements the logic to enable the copy buffer (high to low halves 

of the 16 bit bus). It also drives the AG and BHE lines as appropriate during 
DMA. 

Rev A changes the COPYHL enable during byte DMA operations to the high half of 
the bus. The timing is made earlier by changing to IORC from MWTC. 

Rev BD changes the polarity of the AENZ signal for Hegre reduction on the DSFE 
D4-PROCESSOR beard (with 80367). 


ww) 


PAL146L8A 


D&-SDEND 1083946-001 


PAL DESIGN SPECIFICATION 


PAUL R. CULLEY 12/09/86 
Data Buffer enable Jogic 
Copyright COMPAQ COMPLITER Houston, Texas 1986 
Al AO /BHE /CMDB /M32 /WDEN LW-R LD-C LM-IG GND 
TST /BOIRKD /BOEN /BIEN /BZEN  /INTA /MRDC 8 /BSEN VCC 


IF (/T3ST) BDIRRE 


= /MRDC# /WIIEN 


/MWTC 


sOTHER WRITE TO LOCAL MEM | 


IF (/TST) BOEN = /Al® /AO# MWTC* /WDEN ;OTHER WRITE TO LOCAL MEM 
+ /AL*® /AO® MRDC# /WDEN® M32 sOTHER READ FROM LOCAL MEM 
+ /AL* /AO® LU-C# LW-R* WDEN 3;CPU WRITE TO BUS 

IF (/TST) BIEN = /Al# BHE® MWTC# /WDEN ;OTHER WRITE TO LOCAL MEM 
+ /AL® BHE® MRDC® /WDEN*® M32 ;OTHER REAQ FROM LOCAL MEM 
+ /Al®# BHE® LO-C# LW-R* WDEN ;CFU WRITE TO BUS 


IF {/TST) B2EN 


Al* /AQe MWTC# /WDEN 
Aix /AO# MROC# /WOEN® M22 


sQOTHER WRITE TO LOCAL MEM 
:GTHER READ FROM LOCAL MEM 


1F ¢/TST) BSEN 


IF (/TST) 


INTA 


FUNCTION TABLE 


TST Al AO /BHE 
/BOIRRD /B3EN 


A et as th hs ty es sas Se, 


CESCRIPTION 


Te 


Teis FAL devele 


taard. 
Rev A ensures ¢ 


if active by 


leaving the bufter turned around during the 


+ + 9 


Aix /AG* LD-C# LW-R* WIEN sCFU WRITE TO BUS 


= Al* BHE# MWTC# /WDEN ;QOTHER WRITE TO LOCAL MEM 
+ Al# BHes MROC« /WDEN® Mae ;QTHER READ FROM LOCAL MEM 
+ Al® BHE® LO-C# LW-R# WDEN CFU WRITE TO BUS 


= MD# /LM-IG# /LW-R# /LO-C sCPU INTERRUPT ACK 


/WOEN LM-10 LW-R LO-C /CMDB /M32 /MWTC /MRDC 


/BZEN /BiEN /BOEN /INTA 
B , 
8) 
L MM TBEBEE I 
DOCMWAR R22 10N 
-M3TO REEEET 
coecc DNNNNA 
HHLLH LHHLLH 
HHLLH LLLHHH 
LLLHL HHHLLH 
LLLHL HLLHHH 
HL HHH L HHHHH 
LtLHHH HHHHHL 
LHHHH HHHHHH 
HHHHH HHHLLH 
HHHHH HULLHH A 
HHH HR bots ALOE 


pe othe cantral signals ta enable the data buffers on the system 


urnon of the buffer enables for mem write after the direction 


entire write cycle. 


Rev Dois for use with DSFE D4—-processar board (with 3&7), 


PALIOR4 PAL DESIGN SPECIFICATION 
D4-SKEY 1083460-001 JOHN THAYER 9/18/36 

8042 A20 LINE FIX PAL ; 

COPYRIGHT COMPAG COMPLITER HOLISTON, TEXAS 1734 


CLE “RST AD sO D4 04 07 DS Ge 02 GN 
700 D1 DO /O0 /f1 ALO /WISO42 /FF_LOR DL /WO VCC 


BO t= /RST # WE * C 


a 


: 300 FOLLOWS WC, CLEARED ON RESET 


Q1 := ; SET IF IN STATE 00 GR 10 AND Di COMMAND TO PORT 64H 
/RST # /OO # CS # WO # AS # D7#D4_06%/05%/038/D2"/D1eD0 
; KEEF SET IF STATE 11 

/RST # QO # G1 

: IF STATE 10, KEEP SET TILL CS # WC 

+ /RST # /00 # G1 # /OS 

+ /RET # /0 % GL 8 SWI 


+ 


f@2G f= 3s INVERSE OF Azo FUNCTION 
; CLEAR IF STATE 10 AND 40 WRITE AND D1 IS Low 


® Wil /Dit 


/EET # Tt # fio # /AD # ES 
OTHERWISE FEED BACH 
+ /RET B&B ODD # / Ano 
+ /RET & SOL *& /AEO 
+ /RST # /OD 4 /ASD 
+ /RST #® /Wo * /AZOD 
+ /RST *# AZ * /AZO # 


FF_LOR D1 = D7"D4 [ide De Ose Dee [1s Do 
+ D7#DS Doe / Die / Se / D2 / 01 DO 


WoEoss t= 2. NO DL WRITE YET: DON’T FILTER IF WRITE 15 To 40H 
EDT g soo oe Md oe DE s Who e sat 
» GAN T FILTER IF WRITE 15 TO 44H AND NOT <D1> OR <FF 2 
+ RIT & JG 8 In # WO # AD & /FR_OR D1 


FURCTION TABLE 
/Qw CLE RST CS WO AP D4 06 07 DS Ds O2 D1 Do 
O1 GO FF_OR_DW AZO WOSO42 


7 F W 

; G F oC 

H 4 a = 

>; OF * RAO 

s2 LE 0CWADERE boo SD Gm rT of 4 

gee ie he ee, Was ee Eee ae Poa eet 
Lk eX Ree PRM ee ROH XX HX X ; TEST Fr_OR_Di 
RS RO Xe oR ee Pe My OX 
“ Rohe x er Ro Sey 


3 
yp Ne cg ee RO BO SK KOK Luk HL sto WRITE, NO OCS 
Ww Ee LLRX RR RX X KR X 2 Xk Hb 
oe ob AX XK NY RE R bie FA 

3 


= 
t 
aE. 

T 
i 
moe 
ee 
Tx 
f 


oe ee 


xt 
_)« 
aod 
od I 


J >< 
at > 
1 ™»< 
4 
Jj < 
ad 7X 
a >*< 
x >< 
xr 
rt 
ee 
woo 


_ 


a 


iTE TO CLEAR 


a 


60 WR 
s LATCH 


0 
344 WRITE Dt 


- 
* 
? 


LEAR A: 


i 


“a 


? 


XLL 
L HHL H :60 WRITE To TEST TERMS 


H HHH 360 WRITE 
LHHHL 

=a 
LHHLL 


Le 


H 


u.HHHL 344 WRITE FF 


LUX HEL 
LHHHL 
HHHHL 
LHELLL, 


L 


HHHHHEH 
HHL HHHHAHHEHEH 
L HHLHHHHHH H 


XX XX XXX YX 
LHL XX XXX XXX 


we o¥yvoy 


HHHH ALL OLEH 
Mot ow 


HHL HH HH HAH 
BH 


LOCOLHHLHHHHHHH 


LHHLHKRHHHEH 
HL 


LHL X¥ XX kX XY YX 
LHHHHERHHHH 
LHL XX XxX xX 


ew 
| 


thew 


Loe 
Len Fe 
& 
Le 
ae 
LeLHL XX xX XXX XX 
eo 


ted 


7 A20 


2 


K ONLY Di 


> 


—_ 


364 WRITE Dl 

;TST TERM /RST#/C 
;WRITE D1 AGAIN 
360 WRITE TO SET 
; LATCH 

364 WRITE Di 

544 WRITE FF 

564 WRITE D1 


D1 THEN 44 WRITE, MA 


HHELL 


LLELXLL 
HHHHL ;Di THEN FF, MASK BOTH 


LL XLL 
HHHLL ;SET A20 
HHHLEL 
HL XLL 
HLXLEL 
HLXLL 
HHHLL 
HHHLL 
HL XLL 
HL XLL 
LHLHL 
LHLHAL 
LLELXHLEL 
LLXHL 
HHHHL 
HLXHL 
HL X HL 
LHHHL 
LHHHL 
LL XHL 
LLXHLE 
HL XHL 
HLXHL 


uw 


' 


CLHHHHHAHHHHHH 


sas 
ms 


Cc 
LOLHHHHHALLLLEH 


LCLHL XXX XXX XX 
LCLHHHHHLLLELLH 
LCOLHL XX XX XXX xX 
LOebLtLHL XX X X XX XK 
LCLHLX XXX XX XX 
LCOCLHHHHHLLLLH 
LCLHHHHHLLELLH 
LCOLHLX XX XX XX X 
LCLHLXXXXXX XX 
LCOCLHHLLLLLLHL 
LCLHHLLELLLLELLHL 
LOLHL XX XXX XX X 
LCLHLXXXX XXX xX 
LCLHHHHHLELLLLH 
LCLHHHHHLLLELH 
LOLHLEX XXX XXX X 
LCOLAL XX XXX X XX 
LCLHHHHHHHAHHHH 
L 

LCLHL XXX XX XX X 
LCLHL XX X¥ X X X X X 
LOLAHLX XX XX XX X 
LCLHLXXXXX XXX 


L 
L 


— 


oo 
ce 
oe 
—_ ae 
2 
Do ow 
tq ou 
Qe 
zw 
Qi 
aes) 
ke = 
2 uid 
¢ $2 = 6 
4 
iJ we O ve 
pe | ° -_ co 
(=) N oe a OD 
qaccd 
b=4 od o ~ OO @ uw e 
a - * ta) } yo 
of ! my 
ui li FY) So Oo ' c 
- ke - * i oo 
e © erxrHre { a 
§ om ZSorotkt l oon 
es Za 1 a9 
t t ocd a) i wc 
0 Oo 9 OIE I ud 
oo N on ow © HH { ve 
xz lw 3 t i 
ew f co 
tis mn { mo wy 
x ere { foe 
iu Or 2 t “oe 
aad u~ A j yw 
oO | { Lia 
on _ = { j 
t uw 3 
BTaosg goostogdtadti- Fooodra | ae 
Bras re oS INO | aes 
Jitx «Exdx* rE whorant fa ont 
Lo) 
Sxrt wi 4arDrugtsgirtst So! ed 
oo Ee ee an youn 
i ay 
{ 2 
i ee xix Je «rT aa ~ 
: mu 
x<rrit~ >< ad J eK Ly an | ym 
‘ ’ ye 
Ixzrr~ < JI dx < Lo ey oh tet 
re od 
rrix« ~ x me <A mo | 2 
; er 
rritx< >< ad x J eX LY Wd Aw | ard 
rtxritx xix Ix KT iS 7 UY 
uw 
trie <I oe =< rT a Bia eae “wc 
Doe 
z=mritx <xrxx IgM «MT WI eae = scat 
vi ro 
xSrry JrDrutrautrr zo! Gn a 
y 
<xriczt xrrxrrrrcrxre ow | Poe 
wd 4 od _} Fas ig lees jar” EPS [ee aes ae | Bes eee sau 
Ls, 
YOOKVOH LCEOUOKOO0NO Ou¥ | Guess 
J set % 
au44 oot ugu tutu au | Woo ew 
on Pe en | Oe et ay 


PAL16R4C PAL DESIGN SPECIFICATION 
D4-SMSCD 108397-001 _ - PAUL R. CULLEY 01/12/87 


Miscellaneous garbage logic 


Copyright 1986, 1987 COMPAQ COMPUTER Houston, Texas 


CLK /M32 /BRDY BALE W-R D-C M-I0 /BEO PA3i GND 
/QE /LNCP /CLSTD /MYCYC /LOE /NAB /SHTD 3871 /ADS VCC 


LOE := 
mYCYC * BALE * /W-R * /LNCP 3 GOES ACTIVE AT ALE 
+ LOE * /BRDY 3 HOLD THROUGH TILL BRDY ACTIVE 
SHTD t= 
MYCYC# BALE* M-I0*% /D-C# W-R* BEO ; DECODED SHUTDOWN OPCODE 
MYCYC := 
/CLSTD * ADS * /M-IO * /387I s WHEN NO 387 AND I/0 
+ /CLSTD * ADS * /M-I0 # /PA31 ; OR NOT NCP 1/0 CYCLE 
+ /CLSTD * ALS *# M-IO * /MS2 ; OR NOT 32 BIT MEMORY CYCLE 
+ /CLSTD * ADS * M-I0 # /D-C *# W-R : OR HALT/SHUTDOWN CYCLE 
+ /CLSTD * MYCYC : HOLD TILL NAB 
NAB := CLSTD s NEXT ADDRESS BUS 
LNCP = 


MYCYC# BALE# PA31# /M-IG 
+ LNCP# /BALE 
+ MYCYC# PA3I# /M-I0# LNCP 


NUMERIC COFROCESSOR OF 
HOLD TILL NEXT ALE OR HOLD 
DEGLITCH 


we we we 


FUNCTION TABLE 


CLK /OE /M32 /BRDY BALE M-I0 D-C W-R /BEO PA31 
/ADS /CLSTD 3871 /LNCF /MYCYC /LOE /NAB /SHTD 


5 c M 

3 BBM P L3 L Y 5 

:C / MRA-DWBA ASS N CLNH 

sLO 3SDLI--E3 DT7 C YOAT 

sKE 2YEQOCRO1 SDI P CEBD 

CL HLHHHHHLEL LHH H X HHH RESET MTCYC BY /M32 
CL HLHHHHHLE LHH H LHHH RESET MTCYC BY /M32 
CL HLHHHHHL HHH H LHHH HOLD MYCYC 

CL HLHHHHHL HLH H HHLH 

CL LLHHLHHL LLH H HHLH 

CkL LLHHLHLL LHH H LHHH MYCYC BY HALT 

CL LLHHLHLE LLH H HHLELEL 

CL LLHLLLHL LHH H LHHH MYCYC BY I/0 

CL LLHLLLHLEL LLH H HLLH 

CL LLHLELLHH LHL L LHHH MYCYC BY 357 NOT INSTALLED 
LL ELE ELLLHH LHL L LHHH 

CL LHLLELLLHH LLL LE HHLH 

cL LHLLLLHH LLL L HHLH 
DESCRIPTION 


Rev D of this PAL is for the upgraded D3PE D4-processor board (with 387) and 

is a new design. 

This PAL contains the equations for the signal MYCYC (BUS state machine cycle), 
SHTD (decoded shutdown status), LNCP (numeric processor access status), and 


LOE (latch output enable). It also is the F/F for the NAB signal. 


PAL16L8A PAL DESIGN SPECIFICATION 


D4~-SNCP 105657-001 PAUL R. CULLEY 05/07/86 
Numeric Coproccessor error and busy logic . 
Copyright 1986 Compaq Computer Houston, Texas 


/TIMES /XIOWE XAO /JERROR /BUSYIN TIMO /NCFIN /NCPCS /RESET GND 
XAS  RESZE7 /TIMZCS /TIMICS ONESHT IRQiS NCO2Z EN_LERR /BUSYOUT VCC 


sThe following equation is the positive true output of the equation: 


3RES287 = RESET + XIOWC # NCPCS # /XA3 * XAQ ;:1/0 write toa Fih 
IF (VCC) /RES287 = 
/RESET * /XIOWC sNOT 1/0 WRITE 
+ /RESET # /NCPCS sNOT port FX 
+ /RESET # XAZ sNOT address XX1IXXXb 
+ /RESET * /XAO sNOT address XXXXXOb 
IF (VCC) BUSYOUT = 
/RESET# NCPIN® BUSYIN pcoprecessor busy 
+ /RESET# NCPIN® ERROR * ENLERR*® /TIMO serrar before int ack 
+ /RESET# /NCPIN® NCPCS # XAT * XITOWC sWhen not installed and NCP accessed 
+ /RESET# /NCPIN® ONESHT# /TIMO sWhen not installed till timeout 
>The following equation is the positive true cutput of the equation: 
;IRGiS = ERRORe /BUSYIN® EN_ERR# NCPIN 3 Int when error and enabled 


IF (Vint) /IR@IS = 


/ERROR sNa int if no error 
+ BUSYIN : or busy 
+ /EN_ERR 3; or not enabled for err 
+ /NCFIN sNo int if not installed 
IF (VOC) /EN_LERR = 
/RESET* NCFIN® /EN_LERR # ERROR sHold disabled till ERROR goes away 
+ /RESET# NCFIN® /EN_LERR #* BUSYIN sHold disabled till BUSY goes away 
+ XIOWO * NCPC # /XAZ * /XAQ :Disable on write te port OFOh 
TF (Vit) /ONESHT = 
NCFIN # /IRQiS sQine shot output when IRG Cinstalled) 
+ /NIZFIN # /ONESHT * /XTOWC 3Goes high on NCP access when not 
+ /NCFIN # /ONESHT # /XAZ s installed 
+ /NCPIN # /ONESHT # /NCPCS 3 , 
+ /NCFIN # TIMG s and stays high till timeout 
+ RESET ;Low at reset time 
IF (VCC) TIMICS = TIMCS # /XA3 sTimer 1 at address 040h-047h, O50h-057h 
IF (VCC) TIM2CS = TIMCS # XA3 sTimer 2 at address O48h-04Fh, OSSh-OSFh 


FUNE TION TABLE 


/NOPIN /XTOWD TIM /TIMOS /NCPCS XAS XAO /RESET /ERROR /BUSYIN 


287 /BUSYOUT IRGi2 ONESHT /EN_ERR /TIMICS /TIM2CS 
: / / io 7 

3/ ae PB RB (OSE TT 

:N/ TN REU EUINNII 

CDT Pe ERS SSRE_MM™M 
sFOIMPXXSRY 2YQSE12 
sITWMCCAAEOI SO1HRCE 

INC OSSZOTRN FUBTRES 
LHLHHHHLHH HHLLLHH  ;RESET 
LHLHHHHHHH LHLLLHH~ NO RESET 


3;RES287 

BUSYOUT, NORES287 BY XA3,NOINT BY ERROR 
: IRQ13, BUSYOUT, NORES287. BY NCPCS 
sBUSYOUT,NGRES287 BY NCPCS 

sNOQ INT BY BUSYIN 

NO RES287 BY IOWC 

_;LOCKERR,NO RES287 BY XAO 

s LOCKERR,NO RES287 BY XAO 
;LOCKERR,NO RES287 BY XA0 

;HOLD LOCKERR,NO INT BY EN_ERR 
;HOLD LOCKERR,NO INT BY EN_ERR 
sTIMICS 

» TIMZCS 

sNOT INSTALLED AND SELECTED 

NOT INSTALLED ERROR 

sNOT INSTALLED BUSY 


2 
? 


xsEunrrerrrerrrrerrrrr eee 
rrErae errr rE ee eer crs ee eee 
eOoererm reer ec rrrrrrrtrirerer 
ys E rere r rrr errr rrTrrTrtrs 
morrcer reer rrrrrrrr zrrtireer 
rr Er ree arr eee re ee eae 
Terr rcrrtrerrrrerrererxwrrrzcrst¢.s 
zrrrrrrtrrrrrrrrrritrtxrt.z 
ZED LEEr TST art Eee er Ts 
rrrr rr ez rn rte asrrran trices 
ee 
torr rrerrrrtrerrereszrrrirers 
error rrrrer rer error ewer cree 
Ferrer er Tt eo eo ee eerste ere 
comm m omer ooo ee eer eee ee 
TomrrrrrrrerrrrrTrr1rrrrrt.t 
rrerrrrrrrrrrrrzrrrrszrrt.t 


we Ve owe owe 


; 7 RO RE GQETT 
sNooTTN REU EUINNIT 
sCIMIC ERS SSRE_MM 
-FFOOMPXXSRY 2YQSE12 
sIWUCCAAEGI SO1HRCEC 
NCTSS30TRN J7US3TRSS 
DESCRIPTION 


This PAL is used in the Magnum processor board te handle the error logic far 
the numberic coprocessor. It allows a greater measure of compatibility with 
the previcus products. It sets up the system to generate an interrupt when 
the error signal is recieved, It holds the interrupt until the service 
routine does a write te port FOn. It also holds busy out active until the 
interrupt occurs or till the CFU times aut from no activity. This is ts 
prevent any other numeric processor instructions from being executed until 
the error has been recognized. If the no activity timeout occurs, that means 
the CPU hung up on the 287 interface due to different design of the 356. In 
this case, the interrupt will have been recieved by the 334. 


In addition, the timer chip selects are broken out to the seperate selects by 
the PAL logic. 


LN 


4 


PALI6L8A - 7 PAL DESIGN SPECIFICATION 
D4-SPPI 105659-001 : PAUL R. CULLEY 12/10/85 
' Peripheral interface decode logic : 

Copyright Compaq Computer Houston, Texas 


XA4 /JPPICS  /XIORG  XAZ XAY XAO XAS /XTOWC = /INTA GND 
RESCMOS /CMOSWR /NMICLK /PBWR /CMOSRD /KEYCS /CIORD /PBROG CMOSAWR VCC 


NMICLK = PPICS * XA4 * /XAZ * /XAO *# XIOWC :NMI register write (70h) 
CMOSRD = PPICS * XA4 * /XA3 * XAO * XIORC ;CMOS data read (71h) 
CMOSWR = PPICS * XA4 # /XA3 # XAO #* XIOWC 3CMOS data write (71h) 
KEYCS = PPICS * /XA4 # /XAZ3 ® /XAO 38042 (60h, 64h) 
PRWR = PPICS # /XA4 # /XAS * XAO # XIOWC sPort B write (41h) 
PBRD = PPICS * /XA4 # /XAS * XAD # XTORC sFort B read (61h) 
CIORD = /XAY * /XAS * XIORC 30-FFH 

+ INTA sor Interrupt ack 
/CMOSAWR = /NMICLE # /RESCMOS :Inverted NMICLE 

+ /XIOWD #* /RESCMOS sCMOS address write (70h) 


FUNCTION TABLE 


/XIORC /XIOWC /INTA XA? XAS XA4 XAB XAO /PPICS RESCMOS 
/NMICLEK CMOSAWR /CMOSWR /CMOSRD /KEYCS /PBWR /PBRD /CIORD 


: R NCCC 

7% X PE MMMME C 
si If PS TOoOoOoOEPF I 

-OONXXXXXIC CSESYRBBOA 
sRWTAAAAACM LAWRCOWRR 

sCCAYB 43050 KWRODOSROEUOD 

HHHHHHAHLHHH HHHHHHHH 

HHHLLLLLLL HLHHLHHH 38042 SELECT 
HHLHHHLHHL HLHHHHHL .¢BUFFER ENABLE ON INTA 
HLHLLHLLLL LHHHHHHH sCMOS ADDRESS WRITE 
HHHLLHLLLL HLHHHHHH sCMOS ADDRESS WRITE 
HLHLLHLHLL HLLHHHHH 3CMOS WRITE 
LHHLLHLHLL HLHLHHHL 3CMOS READ 
LHHLLLLHLL HLHHHHLELL ;PQRT B READ 
LHHLLELLHHL HLHHHHHL * BUFFER ENABLE 

L HHHLLELLHHLE HLHHHHHH ;BUFFER DISABLE 

tL HHAHLELHELLHHL HLHHHHHH :BUFFER DISABLE 
HLHLLLELLHLELE HLHHHLHH ;PORT B WRITE (NU BUF ENABLE) 
HLHLELLLHHLL HLHHHHHH . 
HLHLLHHHLL HLHHHHHH $ 

5 RK CE. ¢ 

3X X PE MMMK c 
sI I 1 PS OOQOEPF I 

sOONXXXXXIC SSSYBBO 

sRWTAA AA ACM AWRCOWRR 

sCcCAFYS430S 0 WROSROOD 


Se am a co th am SA EY Ny HY Ms SN EN RS tts RP ei WY me AH Se neh AE SS A LY Sh ng th mew ie Sh te he 


DESCRIPTION 


This PAL is used in the D4& (386) processor board to decode addresses within the 
range 60h to 7Fh for 1/0. It also generates the signal that controls the 
direction of the 1/0 data buffer XD<7..0>. 


PALI6L8A_ - : PAL DESIGN SPECIFICATION 
D4-SROMA 108135-001 : PAUL R. CULLEY 06/26/86 
System ROM decode logic : 
Copyright 1986 Compaq Computer Houston, Texas 


BALE LA23 LA2Z2 LAZ1 LAZO LAI? LAIS LAI7Z SA1& GND 
7MRDC /ROMICE /RFSH /MS2 /M16E /ROM /ROMEN /LOWEN /ROMZOE VCC 


MI6E = /LA23#/LA22#%/LA2Z1#/LAZO# LAI9# LAIS# LA17 3 OOEOOOOh—-OOFFFFFh 
+ LA23* LA2Z* LAZ1# LA20# LAI9# LA1&* LAI7 y OFEQQOOOh-OFFFFFFh 
+ M32 
ROM = /LAZ3#/LAZZ*/LAZ1#/LAZO® LAI9*® LAIS# LA17# BALE ;O00EQOOOh-OOFFFFFh 
+ LA2Z3* LA22% LAZ1* LA2ZO# LAI9* LAIS# LAI7# BALE ;OFEQOOOh-OFFFFFFh 
+ /LA23#/LA22#/LA2Z1%/LA20® LA19® LA1S# LA17* ROM ;DEGLITCH 
+ LA2Z3* LAZ2* LAZ1# LA2ZO# LAI9® LAIS* LA17*# ROM ;DEGLITCH 
+ /BALE# ROM sLATCH TERM 
ROMIOE = ROM # SAL4 * MROC 3 GOFOOOOK-OOFFFFFhH 
3 OFFQQOOh-OF FFFFFH 
ROM2Z0E = ROM # /SA14 * MRODC +s OOEQOO0K -OOEFFFFhH 
3; OPEQOOOhK-OFEFFFFEh 
ROMEN = ROM * MRD sBUFFER ENABLE 


LOWEN = /LAZS# /LAZZ® /LA2Z1# /LAZO# BALE 
+ /LA2Z3® /LA2ZZ# /LAZL# /LA2ZO# LOWEN 
+ /BALE* LOWEN 
+ RFSH 


BOTTOM GONE MEGABYTE ANI! BALE 
DEGLITCH TERM 

LATCH TERM i! 
AND REFRESH 


we V8 we ve 


FUNCTION TABLE 


BALE LAZS LAZZ LAZ1 LAZO LAI? LA1S LAI7 SA16 /MRDC /RFSH /M32 
7ROM /ROMICE /ROMZOE /ROMEN /M16E /LOWEN 


. RR 

: OGR L 

sBLLLLLLLSMR MMOMO 

SAA AAAAAAARFM R1I2M1W 

3L22221111DE3 OQOOESE 

sE32109876CH2 MEENEN 

HLLLLLELLLHHL HHHHLL © INACTIVE 
LLLLLLLLLHHH HHHHHL © INACTIVE 
LLLLLHHHLHHH HHHHLL _— ;ROM2 ADDRESS, NO READ, NO ALE 
HLLLLHHHLHHH LHHHLL _ ;ROM2 ADDRESS, NO READ, ALE 
LLLLLLLLLLHH LHLLHL — ;ROM2 READ, HOLD ADDRESS ON ROM 
HLELELLLELLELHHH HHHHHL © ; INACTIVE 
LELiLicitLHHH HHHHHL — ¢INACTIVE 
LHKKRHHHHHHHH HHHHLL — ¢ROML ADDRESS, NG READ, NO ALE 
HHHHHHHHHHHH LHHHLH — ;ROMI ADDRESS, NO READ, ALE 
LHHHHLLLHLHH LLHLHH — ;ROML READ, HOLD ADDRESS ON RUM 
HLELLLLLHHHH HHHHHL | INACTIVE 
HHLLLHHHHHHH HHHHHH _ s INACTIVE 
HLHLLHHHHHHH HHHHHH | ¢ INACTIVE 
HLLHLHHHHHHH HHHHHH _ s INACTIVE 
HLLLHHHHHHHH HHHHHH | sINACTIVE 
HLLLLLHHRHHHHH HHHHHL © INACTIVE 
HLLLLHLHHHHH HHHHHL © sINACTIVE 
HLLLLHHLHHHH HHHHHL — gINACTIVE 
HLHHHHHHHHHH HHHHHH _ : INACTIVE 


HHLHHHHHHHHH HHHHHH 3 INACTIVE 
HHHLHHHHHHHH HHHHHH 3 INACTIVE 
HHHHUHHAHHHHH HHHHHH s INACTIVE 
HHHHHLHHHHHH HHHHHH 3 INACTIVE 
HHHHHHLHHHLH HHHHHL 3 INACTIVE 
HHHHHHHLHHHH HHHHHH s INACTIVE 
DESCRIPTION 


This PAL is used in the D4 (386) processor board to decode ROM addresses 
within the two ranges OFEQOOOh-OFFFFFFh and OOEQOOOH-OOFFFFFhR. It alsu 
generates the signal that controls the ROM data buffer RD<C15..0> and the 
signal Mi& (memory is 16 bits) during ROM accesses. 

The signal LOWEN# is generated by this PAL to indicate when the low one 
megabyte of the system is being accessed. 


PAL16R8B 
D4-RCTLA 


108352-001 


~ D4 PAGE RAM BOARD Control logic 
Copyright Compaq Computer Houston, Texas 1986 


CLK /ADSM /DMIO D-C W-R /M32 
/GE /MRAS /SWM 


SWM i= 
/HLDA# 
/HUDA® 


/HLDA# 


HLDA# 
HLDA#® 
HLDA® 
HLDA® 


/HLDAs 
/HLDA# 


HLDA* 
MRDY 


/HLDA* 
+ /HLDA# 


© my 
= 


MRAS 
/HLDA® 
/HLDA* 
/HLDA*® 
/HLDA® 
/HLDA® 
HLDA+ 
HL.DA* 
HUDA+ 


++ et ett 


MCAS 
/HLDA® 
/HLDA* 
/HLDA+ 
HLDA* 
HL DA+ 


+++ 4 


Se 
oo 


MWE 
/HLDA+ 
/HLDA+ 
/HLDA# 
HLDA# 
HLDA# 


++ ++ 


MAT 


CLK16* ADSM* /MRDY* 
CLK16# ADSM* /MRDY* 
/MRAS* 
/MRAS 
/MRAS 
MRAS*# 
SWM* 
SWM# 


CLK16% YY# 
/CLK16"% SWM¥ 
/ADSM#® D-C* 
/ADSM* /D-C# 
/ADSM* /D-C# 
/ADSM*# DMIO# 


CLK1é# ADSM+ 
CLK16# ADSM# 
NAM# 
/CLK1I6# YY 
D~C# MCAS DMIC# 
YY#  DMIO# 
/D-C# 


CLK16* ADSM* MRDY* /W-R* M32 
CLK16# ADSM* MRDY* 
/ADSM* /NAM 


CLK16*% SWM# 
/CLK16* NAM 


MRDY + 
MRDY* 
MRAS 


HL 


/NAM /MCAS /MRDY /MWE /MRD /YY 


/W-R* 
D-C# 
/7SWM 


YY 
DMIO 
/MRAS 


/W-R* 
D-C* 


/ADSM 
/ADSM 


MRAS# DMIO®# /ADSM# /SWM# 


D-C# 


PAL DESIGN SPECIFICATION 
“PAUL R. CULLEY 09/13/86 


DA /CLK1& /HIT GND 
vcc 


M32 
M32 


sCPU IDLE TO MEMORY 
;CPU IDLE TO MEMORY 
sAFTER A MISS 
sCLK16 SYNC 

3; DMA 

;REFRESH START 
:REFRESH HOLD 
;REFRESH END 


M32# 
M32% 


/HIT 
/HIT 


;CPU PIPE TO MEMORY MISS 
;CPU PIPE TO MEMORY MISS 
;OR WHEN LATCH NEEDS CLOSED 
;CLK16 SYNC 

; DMA 

;DMA,REFRESH HOLD TO END 


CLK1& ;REFRESH 


HIT 
HIT 


;CPU PIPE TO MEMORY HIT 
;CPU PIPE TO MEMORY HIT 
sAFTER AN IDLE OR MISS 
3CLK1& SYNC 


M32% 


/ADSM ;DURING REFRESH AND DMA 
CLKi6# NAM*® MRAS sAFTER NA WILL BE READY 
/CLK16% MRIY sCLK16 SYNC 
SWM* /ADSM* /NAM ;OUT OF A MISS OR IDLE OPERATION 
MRAS# /MRDY 3 TILL MRDY 
MRAS® /CLK16 s AND TILL CLK16 UNLESS 
MRAS* ADSM* /W-R* M32% HIT ° ;CPU PIPE HIT 
MRAS# ADSM* D-C# M32% HIT 3CPU PIPE HIT 
DMIG# /ADSM* /D-C# /SWM* CLK16 ;REFRESH 
DMIO# /ADSM* /D-C# /SWM# MRAS ;REFRESH HOLD 
DMIO# /ADSM* D-C* M32" /YY 3 DMA 
CLK16% NAM* MRD# MRAS sAFTER NA WILL BE CAS FOR READ 
/TLK16% MCAS sCLEI6 SYNC 
/CLK16*% MRDY# MWE sAFTER START OF MRDY IS WRITE CAS 


/ADSM* D-C*# DMIO# 
/ADSMs f-C# DMIO+# 


/CLKI6#® NAM# D-C# W-R*# M32 MRAS 


/CLK16# MWE 
CLK16# MWE* NAM 


MRAS* /SWM 
MRD 


MCAS# 


/W-R* DMIO*# /ADSM# M32* /YY 


MWE* DMIO# /ADSM 


sDMA START 
;DMA READ HOLD TILL END 


;CPU WRITE TO MEMORY 
; sCLK16 SYNC 


;DMA WRITE 
;DMA WRITE HOLD 


3DMA READ (NOT REFRESH) 


3DMA READ HOLD 


;CPU READ FROM MEMORY 
yCLK16 SYNC . 


/ADSM 


HLUDA# W-Re DMIO# D-C* /ADSM* M32" MRAS 


/ALDA® /CLK16# NAM# /W-R# M32% MRAS 
HLDA® MRD* DMIO# 


+ /MLDA® /CLK16é# MRD 


+ /MLDA® CLK16s MRD# NAM 

FUNCTION TABLE 

CLK /CLK14 /OE /ADSM /DMIO D-C W-R /M32 4HLDA /HIT 
/MRAS /SWM /MCAS /NAM /MRDY /MWE /MRD /YY 


+ 
+ 
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Rev A of this PAL changes the DMA state machine to prevent spurious RAM cycles 


after refresh or BMA cycles. 


This PAL is used in the D4 (386) memory board to contro] the DRAM subsystem. 


The RAS and CAS master strobes are generated, and the CPU next address and 


READY signals are provided. 


DESCRIPTION 


PALI6L86B - PAL DESIGN SPECIFICATION 
D4-RM32 108053-001 . - PAUL R. CULLEY 04/02/86 
D4 PAGE RAM BOARD M32 decode logic 

Copyright Compaq Computer Houston, Texas 1986 


A31 AZ3 AZZ AZi AZO ALS AILS AL7 FAZO GND 
/2M /M32A /M32B /ROM /512K /640K /1M /8M /M32C VCC 


IF (/A22 * /A21) M32A = 


/A31%/A23%/A22%/A21%/A2Z20#/A19%#/A18 3000000-O3FFFF 254K 
+ /A31#/AZ3%/A22%/A21% /AL9#/A18%  /FA20 gO00000-OSFFFF 256K 
+ /A31#/A23%/A22#/A21#/A2Z08/ALSS ALS 512K 3040000-O7FFFF 256K 
+ /A31#/A2Z3#/A2Z2"%/AZ1#/A20% A19#/A1B%/A1L7"% &40K 3080000-O9F FFF 128K 
+ /A31#/A2Z3%/A22*/A21%/AZ0% A19# AL@e AL7* ROM sOEQOOO-OFFFFF 128K 
+ /A31#/A23%/A2Z2#/A2Z1% AZO* iM 3 100000-1FFFFF iM 
+ /A31% A23#/A22%/A21* 8M 3800000-9FFFFF 2M 


IF (A22 * /A2Z1) M32B = 


/A31%/A23% AZ2%/AZ1% 2M :4Q0000-SFFFFF 2M 
+ AZI# AZ3% AZ2Z2#/AZ1#/A2Z20%/A19%/ALSR/ AIT sDIAG 8000000h 128K 
IF (A21) M32C = 

/AZ1% AZB* AZZ% AZL*e AZO#/AI9* ALSH /312K sF40000-F7FFFF 256K 
+ /AZL® AZS* AZZ*e AZ1# AZO# ALF#/A1S#/A17#/640K. sFSQ000-FOFFFF 128k 
+ /AS1® A23# A2Z* AZ1# AZO# ALS#/AILS# A17 sFAQQOO-FBFFFF 128K 
+ /AB1® AZB*x AZZe AZix AZO A1LS# A13 3FCOOOO-FFFFFF 256K 
+ /AZ18/A2Z3% A22* A2Z1* 8M :400000~7FFFFF 2M 
+ /A31L#/A23#/AZ2"% A21* 2™ 3200000-3FFFFF 2M 


FUNCTION TABLE 


AB1 A23 AZZ AZ1 AZO ALY AIS A17 FAZO /512K /&40K /iM /2M /8M /ROM 
/M32A /M32B /M32C 
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128K AT OEQ000h 
256K AT F40000h 
128K AT FSO00Oh 
128K AT FAOOOOK 
ZS6K AT FCOOOOh 
1M AT 100000h 

2M AT 200000h 

2M AT 400000h 

2M AT 600000h 

2M AT 800000h 

2M AT 800000h OFF 
2M AT 200000h OFF 
1M AT 100000h OFF 
128K AT OE0000h OFF 
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DESCRIPTION 


This PAL is used in the D4 (386) memory board to decode addresses within the 
memory space and assert the M32% signal. It does all the decoding for all the 
expected options according to the following jumper settings. 


S12K 640K 1M 

H HH 256K — 000000-03FFFFh H NO EXTENDED MEMORY 
LH 512K  000000-07FFFFh a 1024K  100000-1F FFFFh 
LL 640K =: 000000-9F FFFFh 

H  L #*#* ILLEGAL 


SM 2M 

H H OK 

H L 2048K 200000-3FFFFFh 

L H 6&144K 400000-9FFFFFh (NOTE: The 8 Meg board asserts both 8M and 2M 
L L 8192K  200000-9FFFFFh strobes) 


When FA2O is low, the address line AZO should be considered to be low. 
When FAZO is high, AZO is decoded as usual. 

The above set of m32 cutputs are wire ORed to form the signal Mace. The 
actual equation for M32 is shown below. 


M32 = 

/A31#/A2Z3%/AZ22%/AZ1#/AZ20%/AL9#/ALS 3000000-O3FFFF 256K 
+ /A831%/A2Z3#/A2Z2%/AZ1* /A19#/A1B%  /FAZ0 ¢000000-O3FFFF 25éK 
+ /A31#/A23%/A22%/A21%/A20#/A1L9# A1S# 512K 3040000-O7FFFF 256K 
+ /A31#/A23#/A22%/A2Z1#/A20% A1L9#/A1S#/A17% 640K 3080000-O9FFFF 128K 
+ /831%/A23%/A22#/A21#/A20% AL9# A18% A17# ROM sOEQOQOO-OFFFFF 128K 
+ /AZ1® A23* A2Z2% A2Z1# AZO#/A19% A1S* /312K sF4Q000-F7FFFF 256K 
+ /AZ1i*® A23* AZ22* AZ1# AZO# A19#/A18%/A17#/ 640K sFSQQOO00-FOFFFF 128K 
+ /A31% A23% A22% AZ1® AZO# A19#/A1B A17 sFAQOQOQO-FBFFFF 128K 
+ /A31*% AZ3% A2Z2* AZ1% A2Z0# A1LS* AIS 3FCOQOO-FFFFFF 256K 
+ /A31%/A2Z3%/A22%/AZ1% A2O% iM 3s 100Q000-1FFFFF 1M 
+ /AZ1#/AZS#/A2Z2% A2Z1% 2M 3200000-SFFFFF 2M 
+ /AZ1%/A2Z3% A2Z2*/A2Z1% 8M :400000-SFFFFF 2M 
+ /A31#/AZ23% A2Z2* A21* 8M 3S00000-7FFFFF 2M 
+ /A31* A2Z3#/A2Z24/A21% : 8M 3800000-9FFFFF 2M 
+ ABZ1*® A2Z3* A2Z2#/A2Z1%/A20#/A19#/A18%/A17 sDIAG 80C0000h 128K 


PALI6L8B PAL DESIGN SPECIFICATION 
D4-RRAS 108054-001 


PAUL R. CULLEY 03/20/86 


D4 PAGE RAM BOARD RAS decode logic 
Copyright Compaq Computer Houston, Texas 1986 


A31  €AZ23 A22 A21 AZO AID AIS  AL7 FAZO GND 

_/RFSH /RSO /MWE /MRD /WEO /PARRD /PARWR /ROM /RS1 VCC 
RSO = 

/A31% /A23% /A22% /A2Z1% /A20® /AL 300000000H 512K 
+ /A31* /A23% /AZ2* /A2Z1% /FAZ0% /A19 300100000H 512K 
+ /AZ1* /A23% /A22® /A21* /AZ20% A19® /A18* /A17 ;00080000H 128K 
+ /031% /A23% /A22% /A21* /AZ0# A19® A1S# AIT sQ00E0000H 128K 
+ /AZ1® A23* A22* AZ1* A20 300FOO000H 1024K 
+ RFSH ; REFRESH 
RSi = 

/A31% /AZ3% /A22% /AZ1¥ AZO# FA20 300100000H 1024K 


+ RFSH ; REFRESH 
PARWR = 

MWE* AB1# AZSe AZZ /AZ1*® /AZO# /A19% /A1B% /A17 sSOCOOG00H 128K 
PARRD = 

MRD# AS1# A2ZS*e AZ2Z* /A2Z1* /AZO# /A19% /A19% /AL7 s80CO0000H 128K 
WEO = 

MWE*#/A3S1% /A23* /A22% /A2Z1* /A19 300000000H 512K 
+MWE*/A31% /A23% /A22% /A21*% /AZ0® A19% /A18% /A17 300080000H 128K 
+MWE*/AS1*% /A2Z3"% /A22* /A21* /A20% A19*% Al18*% A17% /ROM ;QO0EQQQOH 128K 
+MWE*/A31% A23* A2Z2* A2Z1* A2ZO®% /ALG# ALB 300F40000H 256K 
+MWE#/A31% AZ23% AZZ2% AZ1% AZO# ALS# /A1B 3O00F80000H 256K 
+MWE#/A31% A23% AZZ* A2Zi# A20% Ai9*# A1S# /A17 sOOFCOOOOH 123K 
+MWE#/A31% AZ3S* AZZR AZ1x AZO# AILS# ALB* AL7* /ROM ;OOFEOOOOH 128K 
FUNCTION TABLE 

31 AZ3 AZZ A2Z1 AZO AL? AIS A17 FA2O /ROM /MWE /MRD /RFSH 

/RSO /RS1 /PARWR /PARRD /WEO 

s / P P 

; F/ //R 4/ AAS 

sRAAAAAAAAR MMF RRRRW 

33222211120 WRS SSWRE 

513219098 70M EBDH O1R0D0 

LLLELLLLLHL LHH LHHHL OQOOOOOH 512K 

LLELELHLLLLL LHH LHHHL 100000H 512K 

LLLLLHLLHL LHH LHHHL O80000H 128K 

LLLLLHHHHLEL & HH LHHH H GEOQOOOH 128k 

LLLLLHHHHH LHH LHHHL GEOOOOH 128k 

LHHHHLHLHL LHH LHHHL F4&0O000H 256K 

LHHHHHLLHL LHH LHHHL FS80000H 256K 

LHHHHHHLHL LHH LHHHL FLOOOOH 128K 

LHHHHHHHHL LHH LHHHH FEOOOOH 128K 

LHHHHHHHAHHH &FCHH LHHHL FEOOOOH 128k 

LLLLHELLELLHLEL HHH HLHHH 100000H 1024K 

HHHLLLLLHL L HH HHL HH 80CO0000H 128K 

HHHLLLLLHL HLH HHHL H 80CO0000H 128k 

HHHHHHHHHLEL HHL LEL HHH REFRESH 
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DESCRIPTION 


New! 


This PAL is used in the D4 (386) memory board to decode the RAS signals and 
the parity read and write logic. , 


Title: 
Drawing: 


1986 


SCHEMAT IC-DP3E DEC 14, 
000559-000 REV: X 

+12V 7B&,12BS,13C1 
+F2 6C1 
+KB 6B1 
-12V 12B8,13D1 
-SV 12Be,13C1 
-KB 6B1 
3871 40€, 6C1,11B8 
AnS# 2B1, 4A8,11B8,13Ae 
AEN2 4Ba, 5SA1 
ALE 3C8, 9B1 
BALE 408, 4BS, 9B1,10A8,12C8 
BCK<3:0> 3B1, 4D8 
BCLK Gaz, 9A1,12BS 
BEO# 2B1, 3AS, 449,13Ae 
BE 1# 2B1, 3AS,13Ba 
BEZ# 2B1, 3A8,13B3 
BES Z2B1, 3A8,12BS 
BEN#<3:0> 381, 4C8 
BHE# SA1, 461,i12A5 
BHLDA 201, SBS, SBS 
BHLDA# 3B1, 48&, 9s 
BRDY# 2B3, 40S, ?B1 
BLISRIDY Ca, 9CS,12BS 
BUSY #01, 7D1 
BLISY 7 # 7De,11D1 
CCLK32 201,11B8 
CIORL 401, 7B1 
cKM 6D1,1103 

CLAST# 3A1, 9BS 

CLK14 2A1,11A8 

CLKIG# 2A1, 9BS,13A8,13D8 

CLK32 2A1, 1388 

CLSTLs 3A1, 4A 

CMD+ 3B8, 403, 9B1,11A8 

CRDY* 2H8, 1101 

CX14% 3A1, 9B 

D-C 2B1, 3D2, 4AG, 13a 

DAEN® 4B1, 5B8, ene 

DAENI* 42, SBI 

DAEN2* 4B1, 5A8 

DAK#<7:0> 5D1,12A8, 12C8 

DCLK 5D8, 46D8, 8C8, 9D1 

DCLK* SBS, 9D1,10A8 

DCMD* 3A1, 4B8 

DIRRD* 3B1, 4c8 

DMA 4D1, 5B1,12Be 

DMAx SE1, 7D8 

DMAS1# 5C8, 7B1 

DMASZ* SAS, 7A1 

DMRDC# SCS, 8D8 

DRDY spe, 9D1 

DREQ 508, sce 

DRO 5C8, 1208 

DRQL 5C8, 12¢8 

DRQ2 5Be, 1208 

DRQS 5B8, 128 

DRRS 5A, 12Ae 

DRRS 5A8, 1208 


now? 


EHITIM 
EITOCHK 
ERR386# 
ERROR* 
GRAB* 


IOB<72 O> 
IOERR 
TORC# 
TOWC* 
TOWCX# 
TRQ10 
IRQ11 
IRQ1i2 
IRQi3 
TRQ14 
IRQ1S 
IRQ3 
IRQ4 
IRQS 
IRG6 
IRQ7 
IRQS 
IRQ? 
KA20# 


LAC23:17> 
LD-C 
LM-10 
LM16# 
LNCP+ 
LOWAZO 
LOWEN*® 
LW-R 
M~10 
Mids 
M32* 
MHLDA 
MRDC+ 


- 6A1, 7D8 


6Al, 7C8 
2A1,11Al 
7D8,11D1 


7AL 

6D8, 7B8 

3A8, 4B8,12A8 

708, 12B8 

4D1, SD1, 6C8, 7A8, 7C8,10B1 
6Al, 7C1 

401, 8D1,12B8 

4A1, SD1, 9A8,10A1,12B8 


10A1 


6C8, 7C1,10A8 
6CS, 10A1 


3D1, 3C8, 4B8 


3D1, 3C8, 4B8 

2B1, 3D8, 4AS,11B8,13A8 
ABS, 9AS, 10A8, 1208 

3B8, 408, 10A8, 13A8 


3C8, 4A1, SA1, 8D1,10A8, 1208 
2B8, 13A8 

3C8, 4A1, 9D1,12A8 

4A1, 9BS 

6B1 

6B1 

201 

2C8, 4A1 


"208, 13A8 


6C1, 701, 7Di, 7Di, 7B8, SB1, 
6D1, 7D8 


AQ be fue | 


9A1,10A1,10A1,10A1,12C1,12C1 


NOWS # 9C8, 12B8 

osc 7A1,12B8 

OSC32# 7A8 ° 

PA31 2D1, 308, 4A8,11B8, 13A8 
PAC23:2> 2B1, 3D8,11B8,13C8 
PAGES+ SDS, 7Bi 

PARIT# 7D8, 13A8 

PBRD® 6A8, 7Bi 

PBWR* 6A3, 7B1 

PCLK* éC8, 7Al 

PD<31:0> 2D8, 4D8,11C8,13C38 
PEREG 208,11D1 

PWGOOD 7A8,13D1 

RBETEC 6A1, SA1 

READY* 2A1, 7D3,11B8 

REFCK 6A1, 7B8, 8B8 

REFEN# BAL, 9C8 

REFRS é02, 8Al 

REFRS# 48S, S308, 8A1,10A8,12C8 
RESZ27 701, 1106 

RESCP 2B3, 7B8, 8C1 

RESCF# 8C1 

RESCPUs 2A1,11Be 

RESDIRV S08, 1208, 13D1 

RRO BAR 

RET# 3AS, 6AS, 7Ce, 8C8, 9BE,10AE,11A8,13D1, 13A8 
RSTAR# 601, 3C8 

SACI920> 301, SB1, 7D8, $Ci,10D8,12D8 
SP<1520> =©6401, 1001, 12A8, 12D8 
SHTD# 4A1, 8C8 

SLOWH# 6D1, 8C8 

SMRDC# 4B1,12B8 

SMWTC# 4B1,1238 

T-C Soi, 1208 

TOO SAS, PAI 

T10 BAR, FAL 

TIM15% 6Ce@, 7D1 

TIMZS# 6ne, 704 

TIMCLK 403, 7A1 

TMLE 7AL 

TST1 383, 4A3 

TESTS 4Ae 

W-R 2Bi, 308, 4AS,11BS,13A6 
WDEN# 3BS, ?B1 

XACB: OF 4B1, 5C1, 6C8, 7D8,10A8,11C8 
XIORC# 5C8, 6C8, 7B8, 8D8,11C8 
XTOWC# scs, 6C8, 7B8, 8D8,11CS 
XMWTC# SC8, SDs 

7032 2A8 

ZOE L6e 2A1, 4A8 


ZOUS221 TAR 
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LIST OF MATERIALS REPORT _ DATE! 12-22-1986 PAGE: 1 
D4 MOTHER BOARD SCHEMATIC Drawing No: Q00559-000 Rev: Xx 
Item Qty Part Number Description Ref Des 
16 1 101262-001 XTAL, MINTR, 32. 768KHz ¥ 2 
42 1 100144-002 IC, PRGML INTRPT CONTR, .8259-2 a 
42 1 100144-002 IC, PRGML INTRPT CONTR. .8259-2 uo 2 
100 1 =: 100129-001 IC, OCT BUS XCVR.......74LS245 Uo 3 
99 1 100091-001 IC, OCT BFR/L DRVR.....74LS244 uo 4 
101 1 101653-001 IC, CNTReeewersccnenvee J4LS590 ues 
34 1 100195-005 XTAL, OSCR, 14.318198mHZ vu 6 
Si 1 101637-001 IC, DL D-TYPE F/F......74ALS74 uos7 AB 
100 1 =100129-001 IC, OCT BUS XCVR.......74LS245 us 8 
54 1 101433-001 IC, OCT D-TYPE LCH....74ALS573 uesé‘? 
100 1 100127-001 Ic, OCT BUS XCVR.......74L5245 U 10 
54 1 101633-001 IC, GCT D-TYPE LCH....74ALS573 Le © | 
105 1 100079-008 SCKT, IC,LO PF,2SP,.400 U i2 
105 1 =100079-008 SCKT, IC,LO PF,28F,.400 Uos«13 $ 
é1 1 10E32E-001 ASSY, EPROM, MEM #2 CEVEN] U 13 
105 1 = 100079-008 SCET, IC,LO PF,28P,.4600 U4 
105 1 100079-008 SCKT, IC,LO PF,2eP,.600 uo o15 $ 
62 1 103327-001 ASSY, EPROM,MEM #1 CODD] U iS 
SZ 1 102605-601 IC, 4-BIT BIN CNTR....74ALS143 U 16 
100 1 100129-001 IC, OCT BUS XCVR....... 7415245 U 17 
100 1 =: 10012%-001 IC, OCT BUS XCVR.......74L5245 Uus«18 
54 1 101633-001 IC, OCT D-TYFE LCH....74ALS573 uo? 
100 1 =: 100129-001 IC, OCT BUS XCVR.......74LS245 ue 20 
54 = #1 101633-001 Ic, OCT D-TYPE LCH....74ALS573 U 21 
40 1 100147-001 IC, DMA CONTR......-4202+.8237 Uo 22 
40 1 100147-001 IC, DMA CONTR... eevee rene B27 U 23 
34°C 1016323-001 Ic, OCT OD-TYPE LCH....74ALSS73 U 24 
34 #1 101633-001 Ic, OCT D-TYPE LCH....74ALS573 U 25 
97 1 100091-001 IC, OCT BFR/L DRVR.....74L9244 ul 26 
100 1 1900127-001 Ic, OCT S XCVRe eee ee TALS2Z4S J 27 
9S 1 102472-001 IC, QO BUS XCVR..... eee 74LSZ42 u 25 
72 1 108135-001 ASSY, IC,PAL,D4-SROMA....14L8A Uo 29 
102 1 §=101649-001 IC, MEM MAPPER.........74L9612 ules SO 
65 1 103274-001 ASSY, IC,PAL,D4-SCMDD....16LSRB u 31 
67 1 1083%6-001 ASSY, IC,PAL,D4-SDEND....16L8A U 32 
100 1 100129-001 IC, OCT BUS XCVR.......74LS245 U 33 
S54 1 101633-001 IC, OCT D-TYPE LCH....74ALS5723 U 34 
34° «(1 101433-001 IC, OCT DU-TYPE LCH....74ALS573 U 35 
3& 1 108044-001 XTAL, OSCR, 24. 000mHz, CMOS U 26 
99 1 100091-001 IC, OCT BFR/L DRVR.....74LS244 U 37 AB 
63 1 105645-001 ASSY, IC,PAL,D4-SADI.....16L8B U -38 
34 «1 1014633-001 IC, OCT B-TYPE LCH....74ALS573 U 39 
ov 1 100091-001 IC, OCT BFR/L DRVR.....74L5244 U 40 
ea | INGOT L-OOL IC, OCT BFR/L DRVR.....74L9244 } 41 
106 1 100077-009 SCKT, IC,LO PF,40F,.&00 ul 4z 
90 (1 108223-001 IC, DL JK) F/F.......-74HC109 U 43 AB 
41 1 101592-001 IC, PRGML INTVL TIMER.....8254 U 44 
41 1 1O1592-001 TC, PRGOML INTVL TIMER.....8254 U 45 
&& 1 1LO8375-001 ASSY, IC,PAL,D4-SCPYD....16L5A U 46 
25 61 100131-001 IC, OB GATED BFR.......74L5125 U 47 ABCE 
oS 1 100131~-001 IC, @0 GATED BFR.......74L9125 U 4% ABCD 
9&1 100135-001 If, 3-& L DODR/DMUXR...74LS133 U 49 
97 1 100151-001 IC, 80 D-TYPE F/F......74LS175 us 50 
99 #1 100091-001 Il, OCT BFR/L DRVR.....74L9244 U S1 
70 1 =6105657-001 ASSY, IC,PAL,D4-SNCP.....16L&A Us «S2 
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LIST OF MATERIALS REPORT : PAGE: 2 
D4 MOTHER BOARD SCHEMATIC Drawing Not 000559-000 Rev: X 
Item Qty Part. Number Description Ref Des 
SO 1 101425-001 IC, OD 2-INF AND GATE..74ALS08 u-siédS3 ABCD 
47 1 101632-001 IC, @D 2-INF NAND GATE. 74ALS00 U 54 ABCD . 
4? 1 101636-001 IC, HEX INV... . eee ee ee F4ALSO4 U 35 ABCDEF 
73 «21 106219-001 ASSY, IC,PAL,D4-STATB....20R8A Uo 56 
aC C 108221-001 Ic, OCT D-TYPE F/F....74ALS273 U 37 
64 1 108393-001 ASSY, IC,FAL,D4-SADOD....20R4A uo Se 
Sz 1 101427-001 Ic, OD 2-1 D SEL/MUXR...74F257 U 59 
106 1 108393-001 SCET, IC,é& PIN FGA ue 60 
Sil 101637-001 Ic, DL O-TYPE F/F......74AL574 U él AB 
94° 4 100) 22-001 TC, ANTI-OR-INVERT GATE..74L551 ul j= AB 
Bae 1OL627-O04 Ic, DL O-TYFE F/F... eee 74AL574 u 63 AB 
7i IOS4S9-004 ASSY, IC FAL, D4-SPPI..... 16LEA U £4 
fl 4 Os 1h4-05% Id, MOD O-TYFE F/F...e ee, T4AFiPS u al ABCD 
47 1 TC, GD 2-INP NAND GATE. 74AL 500 u bk ABCD 
me Ic, OF D-TYFE F/F....., P4aBLats Q &7 AB 
éy 3 POR PT - Oe 2 A227, IC, PAL, D4-SMiCO,..,16R40 ba 
mer} LOORSS O01 Ic, OL D-TYPE F/F.......- TAP PS i &? AB 
a1 oi 1O1627-O81t Il, DL P-TYPE F/F...... 74AL S74 ui 70 AB 
7G? TOL Fong: It, GD NAND GATE... 2.5.0. TAF OD U 71 AERTD 
ae ae | 1OL4627-001 IC, OL O-TYPE F/F...... 74ALS74 u 7z ARB 
76 £ 101158-001 ic, QD 2-INF AND GATE....74F05 uo 73 ABCD 
Bl 4 101154-001 TC, QO D-TYPFE F/F. 02.2. 74F175 U 74 ABCD 
91 1 108%222-001 Ic, QD GATED BFR.......74HC125 Uo 75 ABCD 
109 1 194146-001 SCKT, IC,132 PIN,PGA U 76 $s 
44 1 105474-002 IC, 32-BIT MICROPRCSR. 80396-16 U 76 
4& 1 101444-001 IC, REAL TIME CLK.....MC146818 U 77 
107 1 106079-012 SCET, IC,LO PF,40P,.400W,CLR uo 8678 $ 
49 1 102720-004 ASSY, IC,KYBE INTFC-M U 7& 
BO  t 1e9h27-001 TC, DL O-TYPE F/F........74F74 tt 7? AB 
74 1 SFARE IC LOCATION 14 FIN U &0 
Stool 1014237-001 IC, DL D-TYPE F/F......74ALS74 U $1 AB 
BO 1 100527-001 Ic, DL D-TYFE F/F.....22.74F74 U 82 AB 
#O 1 1003527-001 IG, DL D-TYPE F/F..e nena F4F74 U 83 AB 
eO i 106827-001 IC, DL D-TYPE F/F........74F74 U 84 AR 
37) (1 100195-013 XTAL, OSCR, 32mHz U 85 
371 101647-001 IC, HEX INV. cen enc v ene » 40869 U Bé& ABCDEF 
6S 1 108340-001 ASSY, IC,PAL,D4-SKEY.....146R4A U 87 
42 #1 1014654-001 IC, QD 2-INP NOR GATE. .74ALS02 U $8 ABCD 
81 1 1011546-001 Ic, QD D-TYPE F/F.......74F175 U a9 ABCD 
Si oi 101637-001 Ic, DL D-TYPE F/F......74ALS74 U 90 AB 
aS 1 108361-001 IC, HEX BFR,OPEN COL. 74ALS1035 ues ABCDEF 
7e 4 1014231-001 IC, TPL 3-INF AND GATE...74F11 U 2 ABC 
45] 100183-001 It, DL PRFEHL NAND DORVR...75477 u 3 
Ye ve POOL I RAO SW, REC RER OIF, SPs SW ot 
SE 100200-002 RNET, 3.2K OHM, 6PIN SIP,SRES RP 1 
2m 1 100200-010 RNET, 300 OHM,& PIN SIP,SRES RP Zz 
A 100201-001 RNET, $.2K OHM,10 FIN SIP, 9RES RF 3 
a LOOZO1-OO1 RNET, &.2E GHM,10 PIN SIF,9RES RP 4 
33 4 100201-001 RNET, 3.2K OHM,10 PIN SIP,9RES RP 5 
23 1 100201-001 RNET, &.2K OHM,10 PIN SIF, 9RES RF & FG 
3S ot 190201-007 RNET, 20K 0OHM,10 PIN SIF, ?RES RP 7 
7 1 100052-030 RES, &.2K OHM, 1/4W,52,CF RP §& ABCDEFG 
30 100176-025 RES, 2.S7K GHM,1/4W,1%, MF R 1 
21 1 100198-002 RES, 3.48K OHM,1/4W,1%,MF Rk 2 
24 1 10008%-024 RES, 270 OHM, 1/4W,5%,CF R 3 
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Item Oty Part Number Description Ref Des 
iS 1 100083-019 RES, 30 GHM,1/4W,5%,CF R 4 
S 4 100083-024 RES, 1K OHM, 1/4W,5%, CF R 5 
6 1 100053-032 RES, 4.7K OHM, 1/4W,5%, CF R 6 
25 #1 1000383-044 RES, 360 OHM,1/4W,5%,CF R 7 
is 1 100083-019 RES, 30 OHM, 1/4W,5%4,CF R 8 
Z1o1 100033-012 RES, 100 OHM, 1/4W,57%, CF R 9 
22 1 100083~-0546 RES, i860 UHM, 1/4W,5%,CF R10 
22 41 100033-054 RES, 1380 OHM,1/4W,5%, CF R11 
ce | 100083-026 RES, 1K OHM, 1/4W,5%,CF R 12 
22 1 100083-054 RES, 180 OHM,1/4W,5%,CF R 123 
iz 1 1GOOES-OOF RES, 20K OHM, 1/4W,5%,CF R 14 
7 1 109083-030 RES, 8.2K OHM, 1/4W,5%,CF R 15 
5 1 100083-026 RES, 1K OHM,1/4W,5%,CF RK 16 
14 1 100033-08S RES, 22MEG OHM, 1/4W,5%,CF R 17 
26 41 100083-051 RES, 470K OHM, 1/4W,5%,CF R 18 
7 1 100083-030 RES, 8.2K OHM,1/4W,5%, CF R 1¢ 
a 100083-026 RES, 1K OHM, 1/4W,5%,CF R 20 
5 oil 100083-026 RES, 1K OHM, 1/4W,5%,CF R 21 
7 1 100082-030 RES, 8.2K OHM, 1/4W,5%, CF R 22 
12 1 100083-009 RES, 20K OHM, 1/4W,5%,CF RK 23 
3 64 100083-026 RES, 1K OHM,1/4W,52%,CF R 24 
iS 1 100083-019 RES, 30 OHM,1/4W,5%,CF R 2 
15 1 100083-019 RES, 30 OHM, 1/4W,5%,CF R 26 
6 1 100083-032 RES, 4.7K OHM, 1/4W,5%, CF R 27 
& 1 100083-032 RES, 4.7K OHM, 1/4W,5%,CF R 28 
22 1 100083-054 RES, 180 OHM,1/4W,5%,CF R 29 
22 1 100083-056 RES, 160 OHM, 1/4W,5%,CF R 30 
19 «1 100083-003 RES, 68 OHM, 1/4W,5%,CF R 31 
ec | 100083-059 RES, 200 OHM, 1/4W,5%,CF R 32 
1? 1 1000383-003 RES, 63 OHM,1/4W,5%,CF Rk 33 
13 1 100083-001 RES, 22 OHM, 1/4W,5%,CF R 34 
13°«1 100083-001 RES, 22 OHM,1/4W,5%,CF RK 35 
19 «#1 100083-003 RES, 68 OHM, 1/4W,5%,CF R 36 
18 1 100083-020 RES, 51 OHM,1/4W,5%,CF R 37 
iy 1 100083-003 RES, 68 OHM,1/4W,5%,CF R - 38 
8 1 100083-008 RES, 10K OHM, 1/4W,5%,CF R 39 
& 1 100083-008 RES, 10K OHM,1/4W,5%,CF R 40 
12 1 100083-009 RES, 20K OHM, 1/4W,5%,CF R 41 
22 1 100083-056 RES, 180 OHM, 1/4W,5%,CF R 42 
3 #1 100111-001 RES, O OHM R 43 
20 1 100199-004 RES, 68 OHM,1/2W,5%,CC R 44 
110 1 100224-001 IC, REG,SH,2%,50PPM/C......431 Qa 1 
45 1 000560-001 PCB, DP3E, 20386 SYSTEM BOARD PCR. 

Zz? oi 1O01374-661 FERRITE BEAD, W/LEAD L i 
Ca | 101374-001 FERRITE BEAL, W/LEAD L 2 
gs 1 101374-001 FERRITE BEAD, W/LEAD L 863 
Ss 1 101374-001 FERRITE BEAD, W/LEAD Le 24 
B31 101374-001 FERRITE BEAD, W/LEAD L ° 
ch 100224-003 CONN, PCB STD EDGE, 40/80 ra 101 
5G 1 100224-001 CONN, PCB STD EDGE,31/62 J 102 
Se 1 100224-001 CONN, PCB STD EDGE,31/62 J 105 
se i 100224-001 CONN, PCB STD EDGE,31/é62 J 104 
Se 1 100224-001 CONN, PCB STD EDGE, 31/42 Jo 108 
53 (1 100224-001 CONN, PCE STI EDGE, 31/42 J 106 
Se 1 100224-001 CONN, PCE STD EDGE, 31/62 J 107 
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100224-001 


58 1 CONN, PCB STD EDGE ,31/62 J 108 
103 1 100218-001 HDR, PCB, 1ROW,SPOS,STR POST J 109 
103 1 100218-001 HDR, PCB,1ROW,SPOS,STR POST J 110 
103 1 100218-001 HDR, PCB, 1ROW,5SPOS,STR POST J 111 
103 1 100218-001 HDR, PCB,1ROW,SPOS,STR POST J 112 
87 1 105609-004 HDR, 1ROW,SPOS,KEY 4P0S,STR J 113 
8S 1 105409-002 HDR, 1ROW,4P0S,KEY 2P0S,STR J 115 
se 1 1054609-006 HDR, 1ROW,7POS,KEY SPOS,STR J 116 
104 1 101329-001 HDR, 20P05,.156CTR, .0455Q POST J 117 
G4 4 105407-001 HDR, 1ROW, KEY 2P05,STR rl 118 
S 1 100154-004 HDR, PCB, 1ROW, 2PCS,STR POST J 11? 
34 1 1081 22-001 CONN, FCE STD EDGE, 3/6 J 121 
5 1 100224-002 CONN, FCB STO EDGE, 18/34 J 123 
S7 1 100224-002 CONN, PCB STO EDGE, 16/34 J 124 
S70 100224-002 CONN, PCB STD EDGE, 16/34 J 2a 
57 1 100224-6C2 CONN, FCB STD EGE, 18/34 J 126 
ba 1 100224-002 CONN, FCB STD EDGE, 12/34 ul 127 
7& 4 101270-G04 FUSE, SUB MINTR,5.0A,125V F 1 
7& 1 101270-004 FUSE, SUE MINTR,S,0A0,125V F 2 
92 0 100081-901 JMFR, PCB,2 Firs ER 1-3 
an) 100081-001 JUMPR, PCE, 2 FOS ER i-2 
$2 0 100081-001 JUMPR, PCB,2 POS ER 1-1 
8? 0 100154-010 HDR, PCB, 1iRGW,9P0S,STR POST ER 1 
92 «0 100051-001 JMPR, PCB,2 POS ER 2-3 
92 «0 100081-001 JMPR, PCB,2 POS ER 2-2 
92 9 100021-001 JMPR, PCB,2 POS ER 2-1 
7 0 100184-010 HDR, PCR, 1ROW, ?P05,STR POST ER 2 
29 4 106192-001 DIODE, GENL PRF......2.2.1N914B CR 1 
e721 LOOP 92-901 DIODE, GENL PRF.........1N?714B CR 2 
ay 2 LOO192Z-001 DIODE, GENL PRP.........1N914B CR & 
| 100254-001 DIODE, LED,RED DIFFUSED CR 4 
16 1 100082-005 CAP, 1OMFD,16V,202, TANTALUM c i 
2d 100035-009 CAP, .O47MFD, SOV, -20/+80%, ZSU Cc 2 
10 1 100082-005 CAP, 10MFD,146V,202%, TANTALUM c 3 
z 1 100085-009 CAP, .O47MFD, SOV, -20/+802, Z5U c 4 
10 #1 100082-005 CAP, 10OMFD, 16V,20%, TANTALUM Cc 5 
2 1 100085-009 CAP, .O47MFD, SOV, -20/+8072, ZSU Cc 66 
160 1 100082-005 CAP, 10MFD, 16V,20%, TANTALUM C 7 
2 1 100085-009 CAP, .O47MFD, SOV, ~20/+80%, Z5U Cc O68 
10 (1 100082-005 CAP, 10MFD,16V, 20%, TANTALUM c 6«69 
2 1 100085-009 CAP, .O47MFD, 50V, -20/+80%, Z5U c 10 
2 1 100085-009 CAP, .047MFD, SOV, ~20/+80%, Z5U c 11 
19 #1 100922-005 CAP, 10MFD,14V, 20%, TANTALLIM C 12 
Z 1 10005-0049 CAP, .O47MFD, S0V, -20/4+50%, 251 c 13 
2 1 100085-009 CAF, .O47MFD, SOV, -20/4+380%, Z5U c 14 
z 1 100085-009 CAP, .O47MFD, SOV, -20/+807, Z5U C 15 
2 1 100085-009 CAP, .O47MFD, SOV, ~20/4+80%, Z5U c 16 
2 1 100065-009 CAF, .O47MFD, S0V,-20/+60%, Z5U c 17 
2 i 100085-009 CAP, .O47MFD, 50V,-20/+480%, ZSu C 128 
2 1 100085-009 CAP, .O47MFD, 50V,-20/+802, Z5U Cc 19 
1 1 100085-007 CAP, .OO1MFD,50V, 20%, X7R Cc 20 
10 1 100082-005 CAP, 1OMFD,16V,20%, TANTALUM c 21 
10 1 100082-005 CAP, 1OMFD, 16V, 20%, TANTALUM c 22 
2 1 100085-009 CAP, .047MFD,50V, -20/+8072, Z5U Cc 23 
2 1 100085-009 CAP, .O47MFD,50V, -20/+80%, Z75U Cc 24 
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Description 
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Item Oty Part Number 


sO Oe 


100085-009 
100062-005 
100085-00% 
100085-00% 
100035-024 
1000E5-009 
100038Z-005 
100085-009 
100085-009 
100085-009 
pee? Bis 


[o) 


~ 


oQ 


2 1 10008S5-009 
2 1 100085-009 
2 1 100085-009 
2 1 100085-009 
2 1 100085-009 
2 1 100085-009 
2 1 100085-009 
2 1 100085-009 
2 1 100085-009 
z 1 190085-00° 
2 1 100085-00? 
z 1 100035-00% 
2 1 100035-00% 
z 1 100085-009 
Zz 1 100085-00% 
2 1 L10Q0E5--00% 
z 1 10005-0007 
2 1 1000385-009 
19) (1 100082-005 
2 1 100032-009 
z 1 L0008S-00? 
2 1 100085-009 
2 1 100085~-009 
2 1 100085-009 
2 1 100085-00% 
1 1 100085-007 
z 1 100085-00% 
a 1 
2 1 
Zz i 
Pa 1 
Z 1 
1 1 
z 1 
z 1 
1 i 
2 1 
1 1 
2 1 
z 1 
z 1 
Zz 1 
z i 


rae i 

z 1 10¢ 108 5-00? 
ye 1 LOOGEE-a0% 
= 1 LOOO0SS-007 
2 t 100085-007 
= 1 Lonoes-007 
is 4 10052-0058 
a 1 1o00085-00% 
=z 1 190085-009 
z 1 100085-00% 
1 1 100085-007 


»O47MFD, SOV, -20/+80%, Z5U 
- 047MFD, SOV, -20/+80%, Z5U 
-O47MFD, SOV, -20/+80%, ZSU 
-O47MFD, SOV, -20/+80%, Z5U 
- O47MFD, SOV, -20/+807%, Z5U 
. 047MFD, SOV, -20/+80%, ZSU 
- O47MFD, SOV, -20/+80%, ZSU 
.047MFD, SOV, -20/+80%, Z5U 
O47MFD, SOV, -20/+80%, Z5U 
O47MFE, SOV, -20/4+30%, Z5U 
- 047MFD, SOV, -20/+807Z, Z5U 
.O47MFD, SOV, -20/+307,Z5U 
-O47MFD, SOV, -20/+20%, ZSU 
-O47MFD, SOV, -20/+80%, Z5U 
.O47MFD, SOV, -20/+80%, Z5U 
»047MFU, SOV, -20/+307, Z5U 
-O47MFD, SOV, -20/+60%, Z5U 
.O47MFD, SOV, -20/+807, ZS5uU 
1OMFII, 16V, 20%, TANTALUM 
-O47MFD, SOV, -20/+80%, Z5U 
» O47MFD, SOV, ~20/+80%, Z5U 
-O47MFD, SOV, -20/+30%, ZSU 
»047MFD, SOV, -20/+80%, ZSU 
- O47MFU, SOV, -20/+80%, Z5U 
- O47MFD, SOV, -20/+80%, ZSU 
, OOIMFD, 50V, 20%, X7R 
.C47MFD, SOV, -20/4+80%, Z5U 
. O47MFD, SOV, -20/+807, Z5U 
.O47MFD, SOV, -20/+807%, Z5U 
-O47MFD, SOV, -20/+30%, Z5U 
-O47MFL, SOV, -20/4+80%, ZEuU 
. O47MFD, SOV, -20/+380%, Z5U 
1OMFD, 146V, 20%, TANTALLIM 

- O47MFD, SOV, -20/+80%, Z5U 
»O047MFD, SOV, -20/+807%, Z5U 
47PF , SOV, 10%, COG 

- O47MFD, SOV, -20/+80%, Z5U 
LOMFD, 16V, 20%, TANTALUM 

. O47MFD, SOV, -20/+80%, Z5U 
-O47MFD, SOV, -20/+80%, ZSU 
. O47MFD, SOV, -20/+80%, Z5U 
. O47MFD, SOV, -20/+80%, Z5U 
O47MFI, SOV, -20/+80%, Z5U 
-O47MFI, SOV, -20/+307%, 75u 
1OMFII,14V, 20%, TANTALUM 
-O47MFD, SOV, -20/+30%,Z25U 
-O47MFD, SOV, -20/4+50%, Z5U 
-O47MFD, SOV, -20/+307, Z5U 
- O47MFD, SOV, -20/4+80%, 75U 
- O47MFD, 50V, -20/+807%, Z5U 
1OMFT, 16V, 20%, TANTALLIM 

- O47MFD, SOV, -20/4+80%,Z5U 
- O47MFD, SOV, -20/+80%, ZSU 
»O047MFD, 50V, -20/+80%, Z5U 
- OO1MFO, SOV, 20%, X7R 


GFAOOAANMANANAAAIAMOANNANNDNAOMAOANMAGAAMANNANGIMV9AgN ONAN ANNMHgM9 ON OMNNKMN HO9Na0N00 
ul 
~— 


PAGE: 5 


—_ ee wll 


Soe a a em SD AS Sh A ED SO tn eee me ime eA OE a Sy AO SP mY ED SO EY SY Dy A ADO SE i SAPD OE AP le nA: SET SA A GA UNRATE te EY SG 


LIST OF MATERIALS REPORT DATE: 12-22-1986 PAGE: & 
D4 MOTHER BOARD SCHEMATIC Drawing No! 000559-000 Rev: X : 
Item Qty Part Number Description Ref Des 
2 1 100085-009 CAP, .O47MFD, 50V,-20/+80%, ZS5U Cc 80 
2 1  100085-009 CAP, .047MFD,50V,-20/+80%, Z5U c ai 
2 1 100085-009 CAP, .O47MFD, SOV, -20/+80%, Z5U Cc 82 
2 1 100085-009 CAP, .O47MFD, SOV, -20/+80%, Z5U c 8683 
2 1 + 100085-009 CAP, .047MFD, SOV, -20/+80%, Z5U Cc 84 
2 i 100085-009 CAP, .047MFD,S50V,-20/+80%, ZSU Cc 85 
10 1 100082-005 CAP, 10OMFD,16V, 20%, TANTALUM Cc 8 
2 1  100085-009 CAP, .O47MFD, SOV, -20/+80%, Z5U Cc 87 
2 1  100085-009 CAP, .047MFD,S0V,-20/+80%, Z5U c 388 
Z 1 100085-009 CAP, .O47MFD, SOV, -20/+80%, Z5U c 89 
2 1 1000385-007 CAP, .O47MFD, SOV, -20/+80%, Z5U Cc 920 
2 1 100065-009 CAP, .047MFD, SOV, -20/+80%, Z5U G 91 
Z 1 100035-002 CAP, .O47MFD, SOV, ~-20/+80%, ZSU C 22 
2 1 100085-009 CAP, .O47MFD, SOV, -20/+80%, Z5U c 93 
1 1 106085-007 CAP, .QOiIMFD, SOV, 20%, X7R Cc 94 
z 1 1000c5-00% CAP, .O47MFD, SOV, -20/+807%, Z5U C ba 
1 i 100083-007 CAP, .OO1MFD, SOV, 207, X7R Cc 26 
1 1 100085-007 CAF, .QO1MFD,50V, 207, X7R C 97 
Z 1  100085-009 CAF, .O47MFD, SOV, -20/+30%, Z5U cr 98 
2 1 100085-009% CAF, .O47MFD, SOV, -20/+80%, 25U c 9S 
9 i 100085-013 CAP, 10PF,50V,10%,COG Cc 100 
z 1 100085-009 CAP, .047MFD, S50V, -20/+80%, Z5U Cc 101 
2 i 100085-009 CAP, .047MFD,S0V,-20/+80%, Z5U Cc 102 
2 1 100085-009 CAP, .047MFBD, SOV, -20/+80%, ZSU c 103 
2 1 100085-009 CAP, .047MFD,50V,-20/+80%, Z5U Cc 104 
2 1 100085-0097 CAF, .047MFD,50V,-20/+80%, Z5U C 105 
2 1 100085-009 CAP, .047MFD, 50V,-20/+80%, Z5U C106 
2 1 100085-00% CAF, .047MFIL, SOV, -20/+80%, Z5U 107 
1 1 150085-007 CAP, .OOLMFD, SOV, 20%, X7R C tos 
Z 1 1LOOGRS-00% CAP, .O47MFD, SOV, -20/4+50%, Z5U C 10% 
2 1 1900585-007 CAF, .O47MFE, S0V,-20/+30%, Z5U ie 110 
1 1 100085-007 CAF, .OO1MFD, 50V, 20%, X7R c 491 
2 1 100085-00°? CAP, .047MFD,50V, -20/+80%, Z5U c 112 
10 1 100082-005 CAF, 10MFL,16V,20%, TANTALUM c 113 
17 1 100085-024 CAP, 47PF,50V,10%,C0G c 114 
17 1 100085-024 CAP, 47PF,50V,10%,COG c 115 
23 1 100085-006 CAP, .O1MFD,S0V, 20%, Z5U £ 116 
11 1 100085-014 CAF, 18PF,S0V,10%, COG c. 147 
4 1 103242-001 CAP, .OSMFD, DECOUPLING, PIGA/LCC c 118 
4 1 108242-001 CAF, Cc 119° 


. OSMFL, DECOUPLING, PGA/LCC 


Total parts = 304 Total holes = 3217 
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Item Qty Part Number Description Ref Des 
i 8 100085-007 CAP, .OOIMFD, 50V,20%,X7R C20,50,79,94,96,97, 
108,111 
2 88 100085~-009 CAP, .O47MFD, 50V,—-20/+80%, Z5U c2, 4, 6,8,10, 11, 13- 
19, 23-42, 44-49, 31- 
56,58,59,61, 63-48, 
70-74, 76-78, 80-85, 
87-93, 95, 98,97, 101- 
107, 109,110,112 
3 #1 100111-001 RES, O OHM R43 
4 2 108242-001 CAP, .OSMFD, DECOUPLING, PGA/LCC C118,119 
> & 100083-026 RES, 1K OHM,1/4W,5%,CF RS,12,16,20,21,24 
& 3 100083-032 RES, 4.7K OHM, 1/4W, 5%, CF Ré, 27,28 
7 4 100083-030 RES, 8.2K GHM,1/4W,5%,CF R15,1?,22,% 
€ 2 100082-00% RES, 10K OHM, 1/4W,5%,CF R39, 40 
>? 1 1000655-013 CAF, LOPF, 50V, 10%, COG C100 
10 15 © 100G82-005 CAP, 1OMFT, 16V, 20%, TANTALLIM C1,3,5,7,9,12,21, 
22, 43,57, 42,49,75, 
@4,112 
11 1 100085-014 CAP, 1SPF,50V,10%,CO6 C117 
12 3 100083-009 RES, 20K OHM, 1/4W,5%,CF R14,23,41 
13. 2 100083-001 RES, 22 OHM, 1/4W,54,CF R34,35 
14 1 100083-0€5 RES, 22MEG OHM, 1/4W,5%,CF R17 
15 4 100083~-019 RES, 30 OHM,1/4W,5%,CF R4,8,25, 26 
164 1 101262-001 XTAL, MINTR, 32. 748KHz Y¥2 
17 3 100085-024 CAP, 47PF,50V,10%,COG C60,114,115 
16 1 100083-020 RES, 51 OHM, 1/4W,5%, CF R37 
19 4 100083-003 RES, 68 OHM, 1/4W,5%, CF R31,33,36, 38 
20 1 100199-004 RES, 68 OHM,1/2W,5%,CC R44 
21 4 100083-912 RES, 100 GHM,1/4W,5%, CF R? 
22 6&6 100083-05¢4 RES, 160 OHM, 1/4W,5%,CF R10,11,13,29, 20,42 
23 41 100033-059 RES, 200 GHM,1/4W, 57, CF R32 
24 1 100083-034 RES, 270 OHM, 1/4W,52%,CF R3 
25 #1 100083-044 RES, 360 OHM, 1/4W,5%,CF R7 
26 1 100083-051 RES, 470K OHM,1/4W,5%,CF R1s 
27 #1 101374-001 FERRITE BEAD, W/LEAD L1 
23 «#1 100085-006 CAP, .O1IMFD,50V, 20%, Z5uU C114 
29? 3 100192-001 DIODE, GENL PRP........-1N91L4B CR1-3 
30 1 100198-023 RES, 2.87K OHM, 1/4W,1%,MF R1 
31 #1 100198-002 RES, 3.48K OHM,1/4W,1%,MF R2 
32 41 100200-002 RNET, 8.2K OHM,46PIN SIP,SRES RP 1 
33 4 100201-001 RNET, 8.2K OHM,10 PIN SIP,9RES RP3-6 
34 1 100195-005 XTAL, OSCR, 14.31518mHZ Ué 
35 1 100201-007 RNET, 20K GHM,10 PIN SIF, 9RES RE7 
3& 1 LOSG64-0034 XTAL, WECR, 24. 000mHz, CMOS Lise 
37) 10 100195-013 XTAL, OSCR, S2mHz USS 
32 61 106200-010 RNET, 300 OHM,& PIN SIP, SRES RF2 
<p | 101447~-001 Ty HEX CIN 6.5 0%,60 00.50 o en on 4069 Weds 
49 2 100147-001 IC, DMA CONTR... eee wen eee mS U2, 22 
41 2 101572-001 IC, PRGML INTVL TIMER... 8254 U44,45 
42 Zz 100144-002 IC, PRGML INTRFT CONTR.. 259-2 U1,2 
43 1 100181-001 IC, OL PREHL NAND DRVR...75477 UPS 
44 1 105674-002 IC, S2-BIT MICROPRCSR. S03R4-146 U74 
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000340-001 
101446-001 
101632-001 
101656-001 
101434-001 
101628-001 
1014637-001 


PCB, DPSE, 803386 SYSTEM BOARD 
IC, REAL TIME CLK.....MC146918 
IC, QD 2-INP NAND GATE.74ALS00 
IC, QD 2-INP NOR GATE..74ALSO2 
TC, HEX INV... 2.2 eee eee Z4ALSO4 
Ic, Q0 2-INF AND GATE..74ALS0S 
IC, DL D-TYPE F/F...+...74ALS74 


U7, 61, 63,67, 70,72, 
81,90 


SZ 1 1024605-001 IC, 4-B1T BIN CNTR....74ALS163 U1é 

52 4 1O8221-001 If, OCT D-TYFE F/F....74ALS273 u57 

54 9 101433-001 Ic, OCT O-TYPE LCH....74ALS573 U9,11,19,21,24,25, 
34,35, 29 

a 1OE541-001 IC, HEX BFR,GFEN COL, 74AL51035 U? I 

TD | 108122-001 CONN, FCB STD EDGE, 3/6 W121 

a7 4 1LOG224-O02 CONN, POE STD EDGE, 12/34 J123,124, 03125), 
126,127 

53 7 10G224-001 MONN, PCB STD EDGE, 31/42 J102-108 

a a | 100224-003 CONN, PCE STD EDGE, 40/50 HO 

£9 4 102720-004 ASSY, IO,KYBD INTFC-M U7 

é1 1 LOB226~-001 ASSY, EPROM, MEM #2 CEVEN] - ULS 

42 1 108-327-001 ASSY, EPRCM,MEM #1 CODD} u1Ss 

é&3 1 1054645-001 ASSY, IC,PAL,D4-SADI.....146L65 Uss8 

44 1 103393-001 ASSY, IC,PAL,D4-SADOD....20R4A US 

é5 1 108394-001 ASSY, IC,PAL,D4-SCMDID....14LSB U31 

66 1 1LOS295-0014 ASSY, I0,PAL,D4-SCPYD....146LSA U4é 

LP I - IC, FAL, D4-SDEND....14L5A uSz 

63 1 IC, FAL, D4-SKEY.....16R4A U37 

ar 4 IC, PAL, D4-SMSC0....i14R4C0 6s 

eh aes If, PAL, C4-SNCP....,146L3A WE2 

fe 3 IC PAL, ES-SFFI..... 16088 LIAS 

eae MELE Io, PAL, O4-SROMA....16L3A EF 

7= 1 1OS217-001 IC, FAL, D4-STATE....20REA USSG 

74 1 TC LOCATION 14 PIN LI30 

7 a 190275-901 SW, REC RER DIF, SFos SW1 

7& ZF  1OVE76-004 FUSE, SUB MINTR,S.OA,125V Fi,2 

77 1 101170-¢01 IC, QD NAND GATE.........74F00 U71 

7&4 101158-001 Ic, QD Z2-INPF AND GATE....74FOS8 U73 

79 4 1O1ASL-O01 IC, TFL S-INF AND GATE...74F11 UgZ 

50 3 100527-001 IC, DL O-TYPE F/F....00 2. 74F74 U69, 79, 82-34 

G1 3 101156-004 Ic, QD D-TYPE F/F.......74F175 U65, 74,89 

a2 ft 101437-001 IC, GD 2-1 D SEL/MUXR...74F257 US? 

BS 4 1OVB74-001 FERRITE BEAD, w/LEAD L2-5 

st 3 PTT HUF Pe, TROR SPO STR POAT i419 

lai RED LRow nk Y OPiS, STR JA i6 

7 HER, IROW, SPO, KEY A113 

Rte. HOE, iRie, FPO JL16 

ely ag Hoe ote te (ERI), (ERS) 

so 1 Tr, DL wtk) 43 

Sa ok Ti, Oo GETED BFR... .....74Hi es U75 

‘208 JWMPR, Pb 2 Pars 


(ER1-1), (ER1-2), 
(ER1-2), (ER2-1), 
(ER2-2) , (ER2-3) 
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Item @ty Part Number Description Ref Des 

93 YL 100254-001 DIODE, LED,RED DIFFUSED CR4 

G4 1 100132-001 IC, AND-OQR-INVERT GATE... 74.55 U62 

eh 2 100131-001 It, @0 GATED ay U47, 48 

Gh 1 100135-001 Ic, 3-8 L DCDR/DMUXR...74LS138 U49 

oF Y 100151-001 IC, QD O-TYPE F/F......74L8175 USO 

eo 1 1054672-001 IC, OD BUS XCVR........74L9243 U28 

99 & 1000? 1-001 Ic, OCT BFR/L DRVR.....74.8244 U4, 26,37,40,41,51 
100 & 100129-001 IC, OCT BUS XCVR.......74L8245 U3,8,10,17,18,20, 

27,33 

101 1 LOLES 2-001 IC, CNTR. cee eee ee eee es ZALSIPO US 

1O2 1 5 IC, MEM MAFFER......... 7415612 USO 

102 4 HDR, POR, LROW,SPOS,STR POST J109-112 

104 3 ue HEIR , PORTS, « 1S40TR, 04550! POST A117 

105 4 LOOG7 9-008 SCKT, IC,LO PF, 25F,.600 U1Z-15 

tae 2 LOoc7 9-009 SCET, IC,LO PF, 40P,.400 U4z 

127 2 LOGO79-O12 SCET, I10,LO PF,40P,.600W, CLR U78 

tog 4 LOESPo-O01 SCKT, 10,48 FIN FGA U&O 

toy 104143-001 SCKT, 10,132 PIN,PGA U7éS 

119 1 1GO2S4-001 IC, REG,SH,24,50FFPM/C......431 !1 


Tatal parts = 3046 Total heles = 3317 
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1 89 101240~-001 


CAP, .1MFD,50V, 20%, AXIAL,CER M 


C1-10, 12, 14-16, 18, 
20, 22-94 


2 12 100082-005 CAP, 10MFD,14V, 20%, TANTALUM C11,13,17,19,21,95- 
101 

3 1 100083-022 RES, 150 OHM, 1/4W,5%,CF Ri 

4 1  100083-034 RES, 270 OHM, 1/4W,5%,CF R2 

S 4  100201-005 RNET, 4.7K 10 PIN SIP 9RES RPS,7-9 

6 1  100201-001 RNET, 8.2K OHM,10 PIN SIP, 9RES RPS 

7 4  100203-001 RNET, 33 OHM, 14PIN DIP,SRES RP1-4 

8 36 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U31-66 

9 2  108022-001 IC, 10 BIT BUFFER........29827 U22; 23 

10 1 000415-001 PCB, D4 PAGE DRAM BOARD PCB. 

11 1 101628-001 IC, QD 2-INP AND GATE..74ALS08 U10 

12 2 101637-001 IC, DL D~TYPE F/F...... 74ALS74 u1,8 

13. 2 101633-001 IC, OCT D-TYPE LCH....74ALS573 Ub, 14 

14 1 108352-001 ASSY, IC,PAL,D4-RCTLA....16R8C U4 

15 1  108053-001 ASSY, IC,PAL,D4-RM32.....16L8C U7 

16 1 108054-001 ASSY, IC,PAL,D4-RRAS.....16L9B u18 

17 1  101170-001 IC, QD NAND GATE.........74F00 U25 

12 1 101214-001 IC, HEX INV... ccescscee es 74F04 us 

19 3 101157-001 IC, QD 2-INP OR GATE.....74F32 U3, 19,24 

20 1 100527-001 IC, DL D-TYPE F/F........74F74 U2 

21 3 101640-001 IC, QD 2-1 D SEL/MUXR...74F158 U15-17 

22 1 101156-001 IC, QD D-TYPE F/F.......74F175 U21 

23 2 108024-001 IC, OCTAL EQUAL CMP.....74F521 US, 13 

24 2  108023-001 IC, OCTAL LATCH.........74F573 U11,12 

25 4 108015-001 IC, OCTAL PARITY XCVR...74F657 U26, 28-30 

26 1 100186-010 HDR, PCB, 1ROW,9P0S,STR POST £123 

27 2 108010-001 HDR, PCB, 2ROW, 40P0S, STR, BKAWY J301, 302 

28 3  100081-001 JMPR, PCB,2 POS E1-3 

29° 1 101137-001 IC, 4-INP NAND GATE.....74LS20 U20 

30 1 100091-001 IC, OCT BFR/L DRVR.....74LS244 U27 

31 1 PCB GOLD FINGERS P101 

32 36 100079-003 SCKT, IC,LO PF,14P,.300 U67-102 


Total parts = 222 


Total holes = 2109 
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LIST OF MATERIALS REPORT DATE: 01-06-1987 PAGE: 1 
D4 PAGE DRAM BOARD SCHEMATIC Drawing Not 000414-000 Rev: A 
Item Qty Part Number Description Ref Des 
12 1 101637-001 IC, DL D-TYPE F/F......74ALS74 uo AB 
20 1 100527-001 IC, DL D-TYPE F/F......5.74F74 Uo 2 AB 
19 1 101157-001 IC, QD 2-INP OR GATE.....74F32 u 3 ABCD 
14 1 108352-001 ASSY, IC,PAL,D4-RCTLA....146R8C U4 
23 #1 108024-001 IC, OCTAL EQUAL CMP.....74F521 uss 
13 #1 101433-001 IC, OCT D-TYPE LCH....74ALS573 ub 
15 1 108053-001 ASSY, IC,PAL,D4-RM32.....16L8C U7 
12 1 101637-001 IC, DL D-TYPE F/F......74ALS74 u #68 AB 
is 1 101214-001 IC, HEX INV weesscscnanss J4F04 ue ABCDEF 
11 1 101628-001 Ic, QD 2-INP AND GSATE..74ALSO8 U = 10 ABCD 
24 #1 108023-001 IC, OCTAL LATCH.........74F573 U 11 
24 1 108023-001 IC, OCTAL LATCH.........74F573 U-si12 
23 #1 108024-001 IC, OCTAL EQUAL CMP.....74F521 uesiéséi‘dis 
13 1 101633-001 Ic, OCT D-TYPE LCH....74ALS573 Uo+=*i«dL4 
21 1 101640-001 Ic, @D 2-1 D SEL/MUXR...74F158 ul 15 
2 M 101640-001 Ic, QD 2-1 D SEL/MUXR...74F1S¢ U 14 
21 1 101640-001 Ic, Q0 2-1 D SEL/MUXR...74F158 Uo 17 
16 1 108054-001 ASSY, IC,PAL,D4-RRAS.....16L8B uUs«18 
1? #1 101157-001 IC, QD 2~INF OR GATE.....74F32 U 19 ABCD 
27 1 101187-001 IC, 4-INP NAND GATE.....74LS20 U 20 AB 
22 #1 101156-001 Ic, QD D-TYPE F/F.......74F175 Us ABCD 
9 1 108022-001 IC, 10 BIT BUFFER.....0..29827 Us 22 
9 1 108022-001 IC, 10 BIT BUFFER........29827 Us si23 
i? i 101157-001 Ic, QD 2-INP OR GATE.....74F32 U 24 ABCD 
17 1 101170-001 IC, QD NAND GATE....0.+05 74F00 Uo 25 ABCD 
25 1 108015-001 IC, OCTAL PARITY XCVR...74F657 U6 
30 1 100091-001 IC, OCT BFR/L DRVR.....74LS244 uo «27 
25 #1 108015-001 IC, OCTAL PARITY XCVR...74F657 U 28 
25 1 108015~001 IC, OCTAL PARITY XCVR...74F657 Uo 829 
25 1 108015-001 IC, OCTAL PARITY XCVR...74F657 U 30 
& 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 31 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 32 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE Uo 33 
8 1 108021-001 IC, D-RAM, 256K,100nS,FAST PAGE Uo «34 
8 1 108021-001 IC, D-RAM, 256K,100nS,FAST PAGE U3 
8 1 108021-001 IC, D-RAM, 256K, 100nS, FAST PAGE U6 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 37 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE US 38 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 3 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 40 
8 1 108021-001 IC, D-RAM,2546K,100nS,FAST PAGE uesié«éd‘“L 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE Usi«d42 
& 1 108021-001 IC, D-RAM, 256K,100nS,FAST PAGE U 43 
$ 1 108021-001 IC, D-RAM, 254K, 100nS,FAST PAGE U 44 
& 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE u 45 
8 1 108021-001 IC, D-RAM, 256K, 100nS, FAST PAGE U 46 
& 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 47 
g 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 48 
6 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE u 49 
& 1 108021-001 IC, D-RAM, 256K,100nS,FAST PAGE u 50 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE US 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U S52 
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 33 
8 1 108021-001 IC, D-RAM,256K, 100nS, FAST PAGE U 34 
& 1 108021-001 IC, D-RAM, 256K,100nS,FAST PAGE U SS 
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108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
108021-001 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 


" 100079-003 


100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-003 
100079-002 
100079-003 
1600079-002 
100079-0023 
100079-002 
100079-003 


. 100203-001 


100203-001 
100203-001 
100203-001 
100201-005 
100201-001 
100201-005 
100201-005 


D-RAM, 254K, 100nS, FAST 
D-RAM, 256K, 100nS, FAST 
D-RAM, 256K, 100nS, FAST 
D-RAM, 256K, 100nS, FAST 
D-RAM, 256K, 100nS, FAST 
D-RAM, 256K, 100nS, FAST 
D-RAM, 256K;, 100nS, FAST 
D-RAM, 254K, 100nS, FAST 
D-RAM, 256K, 100nS, FAST 
D-RAM, 256K, 100nS, FAST 


IC, D-RAM, 256K, 100nS, FAST 


SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 
SCKT, 


IC,LO PF,16P,.300 
IC,LO PF,14P,.300 
IC,LO PF,16P,.300 
IC,LO PF,14P,.300 
IC,LO PF,14F, .300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,14P,.300 
IC,LO PF,16P,.300 
IC,LO PF,14P,.300 
IC,LO PF,14P,.300 
IC,LO PF, 16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,14P,.300 
IC, LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P, «300 
IC,LO PF,14P, 300 
IC,LO PF,146P,.300 
IC,LO PF,16P,.300 
IC,LO PF,14P,.300 
IC,LO PF,14P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF,16P,.300 
IC,LO PF, 14F, .200 
IC,LO PF,146P,.300 
IC,LO PF,16P,.300 
IC,LG PF,146P,.300 
33 OHM,16PIN DIF, SRES 
33 OHM, 16PIN DIP, SRES 
33 OHM, 146PIN DIP, SRES 
33 OHM, 16PIN DIP, SRES 
4.7K 10 PIN SIP 9RES 


8.2K OHM,10 PIN SIP,9RES 


4.7K 10 PIN SIP 9RES 
4.7K 10 PIN SIP 9RES 


ONT PWN 


AB 


ABCDEF GH 


ABCDEFGHI 
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5S 1  100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 9 
3 1 100083-022 RES, 150 OHM, 1/4W,5%,CF R 1 
4 1. 100083-034 RES, 270 OHM,1/4W,5%,CF R 2 
10 1 000415-001 . PCB, D4 PAGE DRAM BOARD PCB. 
31 1 PCB GOLD FINGERS P 101 
27. 1 + 108010-001 HDR, PCB, 2ROW, 40P0S, STR, BKAWY J 301 
27 1 108010-001 HDR, PCB, 2ROW, 40P0S, STR, BKAWY J 302 
28 1 100081-001 JMPR, PCB,2 POS —E 1 
28 1 100081-001 JMPR, PCB,2 POS —E 2 
28 1  100081-001 JMPR, PCB,2 POS —E 3 
26 1 100186-010 HDR, PCB, 1ROW,9POS,STR POST E 123 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 1 
1 1. 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 2 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 3 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 4 
1 1 101240-G0i CAP, .1MFD,50V,20%,AXIAL,CER M C5 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 6 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C7 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 8 
1 4 101240-001 CAP, .1MFD,SO0V,20%,AXIAL,CER M C9 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C10 
2 1  100082-005 CAP, 10MFD, 16V, 20%, TANTALUM Cc 11 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 12 
2 1  100082-005 CAP, 10MFD, 16V, 20%, TANTALUM c 13 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C14 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C15 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C16 
2 1  100082-005 CAP, 10MFD, 16V,20%, TANTALUM Cc 17 
1 1  101240-001 CAF, .1MFD,SOV,20%,AXIAL,CERM C18 
Z 1  100082-005 CAP, 10MFD, 16V,20%, TANTALUM c #19 
1 1  101240-001 CAF, .1MFD,50V,20%,AXIAL,CERM CC 20 
2 1. 100082-005 CAP, 10MFD, 16V,20%, TANTALUM c 21 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C22 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 23 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M CC 24 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C25 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 26 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 27 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 28 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 29 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C 30 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C31 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 22 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C€ 33 
1 1  101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M C 24 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 35 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C36 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER MC 37 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M CC 38 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C39 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM Cc 40 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M Cc 41 
1 1  101240-001 CAP, .1MFD,SOV,20%,AXIAL,CERM C 42 
1 1  101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 43 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CERM C 44 
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Item Qty Part Number Description Ref Des 
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M c 45 
i 1 101240-001 CAP, .1MFD,S50V,20Z,AXIAL,CER M C 46 
1 1 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M C 47 
1 1 101240-001 CAP, .1MFD,S50V, 20%, AXIAL,CER M c 48 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 49 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 50 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 651 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M Cc 32 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 633 
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 8654 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 655 
1 1 101240-001 CAP, .1MFD,S0V, 202, AXIAL,CER M c até 
1 1 101240-001 CAP, .1MFD,50V,202,AXIAL,CER M Cc 37 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c. ‘So 
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 39 
1 1 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M c &0 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 61 
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M C 62 
i 1 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M Cc 63 
i 1 101240-001 CAP, .1MFD,S50V,207%,AXIAL,CER M Cc 64 
1 1 401240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M Cc 65 
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M Cc 66 
1 1 101240-001 CAP, .1MFD,SOV,20%, AXIAL,CER M Cc 67 
1 1 1£01240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 68 
t 1 101240-061 CAP, .1IMFD, 5S0V,20%,AXIAL,CER M c 689 
1 1 101240-001 CAP, .1MFD,SOV, 20%, AXIAL,CER M c 70 
1 1 101240-001 CAP, .1MFD,SO0V,20%,AXIAL,CER M C. 71 
1 1 101240-001 CAP, .1MFD,S0V,20%, AXIAL,CER M ¢ 72 
1 1  101240-001 CAP, .1MFD,SO0V,20%,AXIAL,CER M GC: “73 
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER MC 74 
1 1  101240-001 CAP, .1MFD,50V,20%, AXIAL,CER M c Ss 
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M Cc 7& 
1 1 § 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M c 77 
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CERM C 78 
1 1 101240-001 CAP, .1MFD,SOV,20%, AXIAL,CER M c 79 
1 1 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M c 80 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 681 
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M c 82 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M Cc 683 
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M Cc 34 
1 1 #101240-001 CAP, .1MFD,50V,202%,AXIAL,CER M c 68 
1 1 101240-001 CAP, .1MFD,S50V, 20%, AXIAL,CER M c 8é 
1 1 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M C 87 

1 1 101240-001 CAF, .1MFD,S50V,20%,AXIAL,CER M C cH! 

1 1 101240-001 CAF, .1MFD,S0V,20%,AXIAL,CER M Cc 3? 

1 1 101240-001 CAP, .1MFD,50V,207%,AXIAL,CER M c 90 

1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 91 

1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M Cc 92 

1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M Cc 93 

1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 94 

2 1 100032-005 CAP, 10MFD,16V,20%, TANTALUM Cc 25 

2 1 100062-005 CAP, 1OMFD,16V,20%, TANTALUM Cc 96 

2 1 100082-005 CAP, 1OMFD, 16V,20%, TANTALUM c 97 

2 1 100082-005 CAP, 10MFD,146V,20%, TANTALUM C 98 

2 1 100082-005 CAP, 10OMFD, 16V,20%, TANTALUM Cc 99 
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2 1  100082-005 CAP, 10MFD, 146V, 20%, TANTALUM C 100 
2 1  100082-005 CAP, 10MFD,16V,20%, TANTALUM c 101 


Total parts = 222 Total holes = 2109 
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_ D3PE-PROCESSOR DESCRIPTIONS January 05, 1987 
Copyright COMPAQ Computer Corperation 1986, 1987 }°+°#&=page 1 


D3PE (80386) PROCESSOR BOARD CIRCUIT DESCRIPTIONS 
DIFFERENCES FROM ORIGINAL D4 PROCESSOR: 


ween addition of an 80387 coprocessor socket 

=e addition of eae 80287/80387 selection switch 

a"? addition of a keyboard processor enhancement PAL 
bald bus timing changes to improve compatibility 

dis DESIGN ASSUMPTIONS: 

ica 80386, 80387 or 80287 processor combination. 

bo ed 16mHz 80386 processor clock. 

oer 16mHz 80387 numeric coprocessor clock. 

ee AmHz (compatible) or SmHz 80287 coprocessor clock. 
Te 8mHz 286 compatible expansion bus. 

7 4.00 mhz DMA subsystem clock. 

nee Standard RAM accesses are 32 bit when CPU requests. 
wee Seven bus slots have a compatible edge connector which can be 


used by standard IBM-PC peripherals. 


bathed Four bus slots have a second connector which will allow 
specially designed peripherals to access additional address lines and 
the rest of the 16 bit data bus. In addition several more interrupt 
and DMA request lifnes will be available. This connector fs Deskpro 
286 compatible. 


ome 15 Interrupt request lines. 

ve Total of 7 DMA request lines (3 word channels and 4 byte 
channels). 

fae System bus runs a refresh cycle 256 times in 4 milliseconds. 
ane, Special cards with a second bus connector will be able to do 


16 bit memory or 1/0 operations by asserting a specific line and 
working with the eight additional data signals. 


ee All software addresses are to be compatible with IBM PC~AT. 


as Variable system speed control via software. 
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HARDWARE DIFFERENCES FROM IBM PCAT (Includes MEMORY Board) 


bedi cad All RAM fs located on an expansion board. This uses one slot 
that {fs not used in the PCAT. Parity checking on the memory is done 
as though {t was a standard expansion board memory, a parity error 
shows up as an 1/0 check (parity check 2) with a testable bit on port 
6ih bit 6 to Indicate the error. Port 61h bit 7 !s used for an 
additional timer interrupt f{nput. Port 6ih bit 2 output (used to 
control the parity check on the PCAT) {ss used to enable the additional 
timer to the NMI processor ifnput. 


wen The memory s{fze of the main system {fs not testable by the 
software. On the IBM PCAT, the 8042 pin 31 was connected to the 
motherboard 256/512k byte jumper to allow testing the memory 
configuration. On the D4-Motherboard, this bit is connected to a 
configuarable jumper. 


i lialiel The ROM configuration allows for four ROMs. Standard decoding 
sets these up as two banks of 32k words (16 bits), or 64k bytes, with 
each pair of ROMs split into evenly addressed bytes in cne ROM, and 
odd addressed bytes in the other. The standard ROMs (in the high 
bank) will be 2 x 16k bytes, however, decoded such that they wil] 
appear twice in the 64kbyte space. The PCAT uses two 32k ROMs to 
completely fill the 64k space. 


oe The keyboard processor (8042) Input clock {s connected to a 
7.1591 Mhz reference source. The clock reference for the 8042 on the 
PCAT {is connected to a 6MHz reference. The keyboard processor has 
been enhanced by the addition of a PAL which [fntercepts and [fnterprets 
the AZ0 control sequence much more rapidly than the 8042 could. 


wae Processor clock speed will be full time very fast (16mHz). 
The execution speed is greater than that of the 286 products. 
Programs requiring a specific speed may not work. 


beaded The 80386 CPU does not respond to certain opcodes fn the same 
way that the 80286 does. Programs using these opcodes may not work. 


oe The bus clock is not always at 8mHz. It fs re-synchronized 
with the CPU for each bus cycle to simulate the timing of a 286 
product. 


ose The NMI mask register for Parity Check 1 {fis changed to 
allow/disallow interrupts from a special additional timer to be used 
for watchdog purposes. 


Bali There {fs an additional timer to be used for watchdog purposes 
in software. The address for this timer is located in one of the 
"“PHANTOM™ spaces for the original system timer. 


SS 
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The system refresh counter has been extended to 10 bits. Also the 
bottom two bits are copfed from address lines 0 and 1 to 8 and 9. 
This simplifies the interface of megabit DRAMs and the 32 bit memory. 
board. . 
ane References to the 32 bit memory board do not appear on the 
compatible expansion bus. This will prevent the operation of hardware 
debugging afds developed for the 80286 products. 


22% The 80287 coprocessor Interface to the mafn processor is 
different. Some of the pins defined In the INTEL 80287 specification 
are not connected as specified. Only recent 80287 revisions will work 
properly. Any other “strange” hardware devices that connect to the 
80287 socket may not work. 


ict ns The 80387 coprocessor Is slightly different than the 80287. 
Also the software reset control of the 80387 {5s not connected. 


HARDWARE INCOMPATIBILITIES WITH DESKPRO 286 


habeas Most of the above Incompatibilities apply to comparisons with 
the BDESKPRO 286. 


one Speed switching by jumper or software is supported 
differently. The 8042 speed control bits are connected differently 
and are used only to disable the speed circuit entirely. 


Be 
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‘The majority of this document assumes a working knowledge of 
standard digital logic techniques and parts, and an understanding of 
the 80386 processor IC fn particular. The following documents contain 
information necessary to understand this design in detail: 


INTEL 80386 hardware reference manual 
INTEL 8237 data sheet 

INTEL 8254 data sheet 

INTEL 8259 data sheet 

Motorola MC146818 CMOS Clock data sheet 


SYSTEM CLOCK CIRCUITS 


The system clocks are seperated into three sections. One is 
the CPU clock (32mHz) for the 80386 and {t’s associated circuits. 
Another is the 24mHz clock which is used for the numeric coprocessor. 
The third is the 14.31818mHz clock which provides software compatible 
system timing functions, a fixed frequency signal on the expansfon 
bus, and the 8042 keyboard processor clock reference. 


32mHz 80386/80387 CLOCK 


The CPU clock is provided by a crystal oscillator, CMOS buffer 
TC (74HC125), and an F74 flip-flop. There are three outputs from 
these circuits, a 32mHz processor clock, a l6mHz reference clock 
(CLKI6, CLKI6") (which has the same phase as the internal CPU clock), 
and reset signals which meets the setup and hold time requirements for 
the 80386 and 80387. The 80386 and 80387 reset signals are always 
adjusted to the !l6mHz clock so that the phase is properly matched to 
the internal CPU clock. 

For test purposes, the 32mHz crystal oscillator can be stopped 
and replaced by an external source by pulling the signal TST32 high 
{there is a 180 ohm pulldown keeping it low) and driving the processor 
clocks directly with an external frequency source. 

The 32mHz clock and the CLKI6* signal are provided to the 32 
bit memory board for use in state machines synchronized to the CPU. 

The signal BCLK is an (approximately) divide by two from 
CLKI6*. This division take piace in the bus state machine PAL D4-STAT 
where the clock is also re-synchronized to the CPU on each bus cycle. 
It is this adjusting that leads to the “approximate” part of the 
divide by two function. The average frequency will be somewhat less 
than 8mHz. Transitions of BCLK occur on rising edges of CLKI6*. 

The clock for the DMA subsystem is generated from the rising 
edge of the BCLK clock by toggling a 74.874 flip-flop. The outputs 
(DCLK, DCLK*) wil] therefore have a frequency of one half that of 
BCLK. 
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24mHz 80287 CLOCK 


The clock source for the 80287 {s developed from a 24mHz 
crystal oscillator. The 24mHz frequency (CLK24) is divided down in a 
single 74HC109 to provide either !12mHz or 8SmHz for use by the numeric 
coprocessor (80287). The !2mHz frequency is divided again Inside an 
80287-3 to provide a 4mHz operating frequency. The SmHz has the 
required 33% duty cycle for direct use by an 80287-8 giving an 
operating frequency of BmHz. The choice of frequencies {is provided by 
switch SW1-3. Switch OFF selects 8mHz (80287-8), switch ON selects 
4mHz (80287-3). 

The only way of disabling the 24mHz clock for testing is to 
overdrive it’s output. 


14.31818mHz CLOCK 


The specific time dependent clocks in the system are generated 
by a crystal oscillator at a frequency of 14.31818 MHz which generates 
the signal osc. 

The only way of disabling the OSC clock for testing is to 
overdrive {t’s output. 

The OSC signal is provided to the system bus for compatibility 
with past products. The OSC signal is also divided by two by the PCLK 
flip-flop to provide a stable and unchanging frequency source (7.1591 
MHz) to the keyboard processor (8042). The PCLK signal is in turn 
divided by six to provide a timing reference for the system timer 
(TIMCLK). This frequency {fs 1.19318 MHz and {fs compatible with the 
previous products for timing and speaker purposes. 

The divide by six {fs done with a synchronous counter which 
cycles through the counts of 1 through 6 and back again. The counter 
is not specifically reset on powerup but will always cycle into the 
legal count sequence within seven clocks. 
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SYSTEM (EXPANSION) BUS 
CPU ADDRESS HANDLING 


The following Information {ts applicable to nearly all the ; 
cycle types. When the CPU begins a bus cycle, it begins by placing an 
address and status on it’s bus. This address will usually come out 
even while the previous cycle is still in progress. Since most 
devices expect to see a valid address for the duration of a bus cycle, 
{t is necessary to latch the address seen by the system bus. System 
bus lines that contain the latched address are SA<¢19:0>. Since some 
devices (notably high speed memory) are already short on time to do 
their thing, they would like to overlap some of their operations (like 
address decode) with others. To allow this, the system bus also 
provides a set of address lines LA<23:17> which are not latched but 
which can provide a greater setup time to do decoding. The typical 
usage of these lines is to do the address decoding whenever the 
address changes, and then latch the decoded outputs. 

To provide the unlatched addresses, the board contains buffer 
ICs which are connected to the CPU’s PA<23:17> address lines and 
provide LA<23:17> as an output. 

To provide the latched addresses, the board contains latch ICs 
which are connected to the CPU’s PA<19:2> and provide SA<19:2> as an 
output. These latches are of the falithrough type so that when the 
address latch enable signal (ALE) goes active the address appears at 
the output. When ALE goes tnactive, the addresses will stay on the 
outputs until the next bus cycle begins. 

The address lines SAO and SAI are handled a differently. The 
CPU indicates which bytes are to be accessed out of the 32 bit dword 
by the status lines BE3* to BEO* or Bus Enable three through zero. 

The system bus conversion state machine takes these status lines and 
the current bus state and sequences to the appropriate bus state. The 
output of this state machine are the address lines SAO, SAI and BHE*. 

The signal BHE* is used on the system bus to indicate that the 
high half of the 16 bit data bus contains valid data. 

These signals (SA0Q, SAI and BHE*) are changed at the rising 
edge of ALE so that their timing is very similar to the other SA<19:2> 
address lines. 

All of the address outputs listed above are disabled when the 
CPU responds to a hold request (BHLDA) so that another device can 
control the address bus. When this occurs, the address lines are fed 
back to the CPU bus (PA<¢23:2> and BE<3:0>) so that the 32 bit memory 
board can recieve the address data from that other device. The feed 
back operation occurs from the SA<16:0> and the LA<¢23:17> lines 
through buffers and a PAL (D4-SADI) for SAO, SAl and BHE*. 

CPU address line PA2ZO is handled a little differently. 

Because of software compatiblity considerations (with 8088 products) 
it is sometimes necessary to restrict program access to the bottom 
megabyte of memory. This is done by disconnecting the PA2O line from 
the bus and forceing a low in it’s place (by means of a 74F257). This 
#s controlled by the line LOWA20 from the keyboard controller system. 
To equalize the delay with the other address lines, the output of the 
74F257 ts used to directly drive the LAZO line instead of being 
buffered again by a 74LS245. 


eed 
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CPU DATA HANDLING 


The CPU data bus is buffered from the rest of the system by 
four bidirectional buffer ICs and four latches. On the CPU side of 
the bus, the 80386 and 80287 ere connected together to PD<15:0>. The 
four ICs buffer the separate bytes of the data bus PD<31:0> to 
$0<15:0>. The latches are used to hold read data for the CPU during 
seperate read cycles on the system bus when the CPU attempts to read a 
bigger chunk than the system bus allows. 

The data path also contains a bidirectional buffer between the 
high and low half of the bus to enable routing of the data from high 
half to low during high writes and routing of the data from low to 
high half during high reads of the eight bit bus. This function its 
controlled by the CPYEN* and CPYHL* lines. CPYEN* enables the buffer, 
CPYHL* controlls the direction according to the type of cycle (active 
for CPU writes or DMA reads). 

The last {tem tn the data path is a buffer for the processor 
board 1/0 devices. This buffer {fs normally active in the "TO" 
direction to the I/O devices and switches to the "FROM" direction when 
an 1/0 read occurs to these devices (controlled by CIORD*). This 
buffer is disabled when DMA operations occur to allow the bus to be 
used by the DMA controllers for address latching. 

The folowing table shows the bus conversion from the CPUs 
BE<3:0> lines to the address lines and the data buffers that are 
enabled for each conversion. 

Note that in the following table the "X8" term means that the 
system bus has indicated the cycle should be 8 bits. The "BEx*" lines 
are negative true bus enables from the CPU. The SAI and SAO lines are 
positive true and BHE* is negative true. The BENx* lines enable the 
data buffers to the bus and the latch!ng function from the bus, they 
are negative true. The CPYEN* line enables the copy buffer from the 
SD<7:0> to SD<15:8>, the CPYHL* line is also enabled when reading 
(high to low copy). The LAST CYCLE term fs used to indicate the last 
cycle in a group of cycles from one CPU status, it tells the state 
machine to send the CPU the READY* s{gnal. 


titted 
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' BEx*® SA LAST BENx* H 
'X8 3210 10 BHE CYCLE 3210 CPYEN* ' 
$7 - - + 

xX 1110 00 1 1 1110 1 LOW BYTE ON 8 OR 16 BUS! 

: t 

11101 61 0 1 1101 0O HIGH BYTE ON 8 BUS 

031101 01 0 1 1101 #4 HIGH BYTE ON 16 BUS 

X 1011 101 H 1011 1 LOW BYTE ON 8 OR 16 BUS 


= 
o 
Lal 
~~ 
ot 
taal 
| oad 
o 
— 
oO 
— 
 omel 
— 
So 


HIGH BYTE ON 8 BUS 


0 0111 11:0 l 0111 1 HIGH BYTE ON 16 BUS 
0 1100 00 0 1 1100 1 WORD ON 16 BUS 

WORD ON 8 BUS: 
11100 00 0 0 1100 1 LOW BYTE 
11160 01 0 1 1101 O HIGH BYTE 

2 SPLIT BYTES ON 16 BUS: 
0 1001 01 0 0 1101 1 LOW WORD HIGH BYTE 
0 1001 101 1 1011 1 HIGH WORD LOW BYTE 

2 SPLIT BYTES ON 8 BUS: 
11001 G1 0 0 1101 O LOW WORD HIGH BYTE 
11001 101 1 1011 1 HIGH WORD LOW BYTE 


4 

H 

H 

H 

H 

1 

1 

i 

H 

1 

i 

‘ 

1 

i 

i 

i 

i 

i 

\ 

i 

1 

' 

i 

1 oo11 1 WORD ON 16 BUS H 
WORD ON 8 BUS: H 

LOW BYTE H 
1 O1l1 O HIGH BYTE H 
3 BYTE ON 16 BUS: ! 
0 1000 00 0 0 1100 1 LOW WORD H 
0 1000 10 1 1 1011 1 HIGH WORD LOW BYTE i 
3 BYTE ON 8 BUS: ; 
1100 1 LOW WORD LOW BYTE H 
LOW WORD HIGH BYTE i 
1011 1 HIGH WORD LOW BYTE H 
3 BYTE ON 16 BUS: H 
' 

1 

i 

' 

1 

‘ 

' 


— 
— 
oO 
© 
oO 
Oo 
— 

~~ OO 

_— OO 
— 
— 
So 
— 
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4 BYTE ON 8 BUS: 
1 LOW WORD LOW BYTE 
0 LOW WORD HIGH BYTE 
ool! 1 HIGH WORD LOW BYTE 
0 HIGH WORD HIGH BYTE 


0 0001 01 0 0 1101 1 LOW WORD HIGH BYTE 
0 0001 100 1 ool! 1 HIGH WORD 
3 BYTE ON 8 BUS: 
1 0001 01 0 0 1101 O LOW WORD HIGH BYTE 
1 0001 10 0 0 ooi! 1 HIGH WORD LOW BYTE 
1 0001 11 0 1 0111 O HIGH WORD HIGH BYTE 
4 BYTE ON 16 BUS: 
0 0000 00 0 0 1100 1 LOW WORD 
0 0000 10 0 1 ool! 1 HIGH WORD 
0 
0 
0 
0 
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PROCESSOR BOARD CPU COMMAND/CYCLE TYPES 


The command cycles generated by the bus contro! logic are 
listed below. The number of 62.5nsec clocks {fs listed for 6 no-wait 
state cycle, normal cycle, and 1 wait state cycle for each of the 
command types. Both the total cycle time and the command active (on) 
time are given. For cycles with more than one bus waft state, each 
wait state adds two additional 62.5nsec clock cycles. The 32 bit 
memory board {s documented seperately. 


Hr en ee ee ee ee + 
! No-wait Normal l-wait } 
H cycle:on cycleson cycleton $! 
' CPU MEM READ 16 BUS 4:2 6:4 8:6 : 
; CPU MEM READ 8 BUS 6:3 12:9 14:11 $ 
| CPU MEM WRITE 16 BUS 4:2 6:4 8:6 H 
+ CPU MEM WRITE 8 BUS 633 12:9 14:11 $3 
; CPU I/O READ 16 BUS 6:3 6:3 8:5 H 
; CPU 1/0 READ 8 BUS 6:3 12:9 14:11 } 
$ CPU 1/0 WRITE 16 BUS 63:3 6:3 8:5 } 
' CPU I/O WRITE 8 BUS 6:3 12:9 14:11 3 
| CPU INTA READ n/a 12:9 n/a H 
§ CPU HALT n/a 6:4 n/a ' 
+ CPU SHUTDOWN n/a 6:4 n/a H 
$n en ee + 


If the CPU status Indicates more than one bus cycle will be 
required for a single CPU access, then the bus state machine will run 
the necessary number of bus cycles (duration indicated above) to 
complete the CPU access. For example, if the CPU status {[ndicates a 
double-word memory read from the 8 bit bus, then the total cycles for 
the access would be 4"12=48, 62.5 nsec cycles (assuming normal 
cycles). 


CPU ACCESS TO SYSTEM (8/16) BUS 


For the following discussion, it should be noted that the CPU 
is normally held in the NOT READY state, READY* only goes active (low) 
when a cycle {is guaranteed to be finished. Also, the CPU next address 
(NA*) line {fs normally inactive, requireing the logic to specifically 
tell the CPU when it {fs ok to send the next address. 

The cycle begins when the 80386 activates ADS* and presents 
the status lines. The address is decoded by the 32 bit memory board 
(if present) and the signal M32" is produced. The system board 
decodes the status lines from the processor and the M32* line to 
produce the signal MYCYC*. This signal ts produced whenever the 
decoded cycle indicates thet the system board should handie {t. The 
signal is NOT active when accesses to 32 bit memory or the 80387 
coprocessor are taking place. The signal is active when 16 or 8 bit 
memory, I/O, Halt, Shutdown, Interrupt acknowledges, or 80287 accesses 
are teking place. 
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MYCYC*® {s then sampled by the D4-STAT PAL on the rising edge 
of CLKI6* (the bus clock). Until further notice all clocks referred ~ 
to are CLK16" clocks. When the PAL clocks in MYCYC* fit generates the 
signal ALE*. The PAL code !s set up to allow ALE* to be active only 
for a single cycle. What follows next is the propagation of the ALE* 
pulse through a series of flip-flops arranged in a configurable shift 
register. The general method is to bypass parts of the shift register 
to shorten the total bus cycle time depending on the type of bus cycle 
to be executed. 

The rising edge of ALE latches the address and status for 
later use and does the SAl1, SAO, BHE* generation. The signal BCLK 
will be forced to a low during ALE by the D4-STAT PAL to ftnsure the 
compatibility with previous products. 

The next stage Is TOO. It Is always generated. If the 
command being generated is a 16 bit memory command, as signified by 
LM-IO and MI6*, then the signal CMD* will also be set active at this 
time. CMD*® {fs combined with the decoded status to generate the signal 
MRDC* or MWTC*. If this is the last cycle in a set, (either 
guaranteed by the state or because the bus size is known by MI16* and a 
memory cycle) then the D4-SADO PAL wil! set the signal CLSTD* active 
at this time. CLSTD* will be discussed later. 


The next stage is TO1. It is always generated. If the 
command betng generated is not a 16 bit memory command, as signified 
by LM-1IO and M16", then the signal CMD* will also be set active at 


this time. CMD* fs combined with the decoded status to generate the 
signal IORC*, IOWC*, or INTA*. If this Is the last cycle ina set, 
(because the bus size is known by 1016" and an 1/0 cycle) then the 
D4-SADO PAL will set the signal CLSTD* active at this time. If this 
is @ 16 bit memory cycle, and the NOWS* signal was received during TQO0 
(LNOWS* active), then the signal BRDY* will be generated next to 
terminate the cycle and no other stages will be activated. 

The next stage is T10. It is always generated. If the cycle 
is a 16 bit memory cycle, then the T40 stage will also be activated at 
this time. In this case, the T10 and Tl! states will be ignored for 
the remainder of the 16 bit memory cycle. 

The next stage is TIl. It will always be generated. If the 
cycle fs a 16 bit 1/0 cycle, then T41 will also occur at the same time 
as TIl. If this is an 8 bit cycle, and the NOWS* signal was received 
earlier (LNOWS* active), then the signal BRDY* will be generated next 
to terminate the cycle and no other stages will be activated. 
Otherwise, stages T20, T21, T30 and T31 will follow if the cycle is an 
eight bit bus cycle as signalled by CX16* inactive. 

The next stage is T40. This stage is entered either from T31 
during an efght bit cycle, or TOl if a 16 bit memory cycle or a cycle 
that does not depend on the CX16* status occurs. This stage is 
skipped if the LNOWS* line {fs found active. 


The next stage is T41. This is entered only from T40 (the 
normal case) or T10 (if 4a 16 bit 1/0 cycle fis in progress). If the 
>-ignal WAIT* is active at the end of T4i, then T4i will be restarted, 


holding the bus in a wait state. Since the WAIT* signal is developed 
by sampling the BUSRDY* going high only every BCLK rising edge, wait 
states will come in increments of two clock cycles. When WAIT* goes 
inactive, the signal BRDY* will be generated to terminate the cycle. 
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At the same time as the cycle is befng terminated (BRDY* fs 
set active) then several things can happen. If this {is not the last 
cycle in the set (CLAST* inactive), then TSO* is set active by the. 
D4-STAT PAL to start another cycle. If this is the last cycle in the 
set (CLAST* active) and another cycle {s pending (MYCYC* {s active), 
then TSO* {fs set active by the D4-STAT PAL to start another cycle. If 
no more cycles are to be run for the moment, then the bus state 
machine will remain fdle waiting for another cycle. 

TSO* fis used to provide an adequate address setup between 
cycles {in a group or between groups when the CPU pipelines the next 
cycle. After TSO* the ALE state will be entered for the next cycle. 


The signal CMD* (which fs used to enable one of MRDC*, MWTC*, 
IORC*, IOWC*, or INTA*) is started at the beginning of TOO or TOl as 
discussed above. It will end at the end of the basfc bus cycle (when 
BRDY* or TSO goes active). 

The signal WDEN* jis used for enableing the various data 
buffers during write cycles. It goes active at the same time as ALE 
and goes f{nactive one cycle after CMD* goes inactive. In the case of 
back to back cycles, WDEN* will therefor remain active until! after the 
last CMD*., 

The signal BRDY* from the D4-STAT PAL signals the end of a set 
of bus cycles to the CPU. 

The signal CLSTD* (which goes active for one CLK16* cycle to 
indicate that the last cycle of a set is in progress) also generates 
the CLAST* sfgnal {nternal to the D4-SADO PAL. CLAST* {s used by the 
D4~SADO PAL to do the conversion from BE<3:0> to SAl, SAO, and BHE*. 
CLAST* {fs also used to tell the state machine that no more cycle are 
in the set. At the rising edge of ALE, CLAST* is set to the inactive 
state in preparation for the next CPU access. 

The signal CLSTD* is also used to generate NAB* (next address 
from bus) which signals the CPU that ft {fs all right to put a new 
address and status onto the CPU bus. Since NAB* is sampled at the 
beginning of phase 2 of a CPU clock cycle, it is synchronized to the 
rising edge of CLK32 at the rising edge of CLK16* by the D4-SMSCD PAL. 
This assures a setup time to the CPU for NA*. 

The signal CX16* {s used to signal the presence of a 16 bit 
memory or 1/0 cycle. It {fs set active during TOO for memory cycles if 
Mi6* {s active. It fs also set active during T10 for 1/0 cycles if 
1O16* is active. It is set inactive at ALE fn preperation for the 
next cycle. This signal is used to control the bus address conversion 
for the 8 or 16 bit bus and to adjust the timing of the expansion bus 
for 16 bit operations. 

The signal LOE* (Latch Output Enable) is generated during read 
cycles from the 8/16 bus to enable the data stored fin the data latches 
to the CPU data bus. LOE* is first set active on the CLKI6* edge 
following ALE in the D4-SMSCD PAL and is set inactive on the CLKI16* 
edge following the signal BRDY* active. When LOE* goes inactive, it 
has 31.25nsec from the edge of CLK32 to disable the latch output 
buffers before the CPU may begin driving the bus again. The total 
Gelay to disable the latches is calculated below. 
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Data Latches off the CPU data bus 
CLK32 cycle time 
ZPC32 to PCLK32 delay 
CLK32 to ZCKI6* in F74 
ZCKI6* to LOE® {fn PAL 
LOE* to disable in ALS573 
MARGIN MHRHERHKRHAHHHE HE 


The following are some timing checks 
the CPU. 


NA* setup during bus cycles 
CLK32 cycle time 
ZPC32 to PCLK32 delay 
CLK32 to ZCKP16* in F74 
ZCK16* to NAB* in PAL 
NAB* to NA* in FO8 
386 NA* setup time 
MARGIN KERRRHHRHHAHH HE 


READY* setup during bus cycles 
CLKI6* cycle time 
ZPC32 to PCLK32 delay 
CLK32 to CLK16* in F74 
CLK16* to BRDY* jin PAL 

“-BRDY* to READY* in FO8 

386 READY* setup time 
MARGIN MRARHHHHHHE EH 


of 


the critical setup times to 
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STATE SEQUENCES FOR TYPICAL CYCLES. 


The "cmd" {is the time that the command (MRDC, IOWC, etc) Is 
valid. The "NA" {fs the time when CLASTD* is set active. The “done” 
{s when BRDY* {s set active. TSx is either the next TSO state (if 

‘another cycle {ts pending, or an idle cycle (as far as the bus state 
machine 1s concerned). Each state lasts 62.5 nsec. 


+ 
NO WAIT STATE 16 BIT MEMORY ! 
TSO ALE TOO TO1l TSx } 
cmd cmd } 

NA done ' 

NORMAL WAIT STATE 16 BIT MEMORY H 
TSO ALE TOO TOl T40 T41 TS~x H 
cmd cmd cmd cmd H 

NA done A 

NORMAL WAIT STATE 16 BIT 1/0 or NO WAIT STATE 16 BIT 1/0 ' 
TSO ALE TOO TO1l T40 T41 TSx H 
cmd cmd cmd H 

NA done i 

EXTRA WAIT STATE 16 BIT MEMORY } 
TSO ALE TOO TOl T40 T41 T41 T41 TSx : 
cmd cmd cmd cmd cmd cmd H 

: 

EXTRA WAIT STATE 16 BIT 1/0 } 
TSO ALE TOO TOl T40 T41 T41 741 TSx } 
cmd cmd cmd cmd cmd H 

NA done ! 

NO WAIT STATE 8 BIT MEMORY or 1/0 : 
TSO ALE TOO TO1 T40 T4i TSx ‘ 
cmd cmd cmd i 

NA done H 

NORMAL WAIT STATE 8 BIT MEMORY or 1/0 } 
TSO ALE TOO TO1 T1O0 Til T20 T21 T30 T3i T40 T4l TSx : 
cmd cmd cmd cmd cmd cmd cmd cmd cmd : 

NA done : 

EXTRA WAIT STATE 8 BIT MEMORY or 1/0 H 
TSO ALE TOO TOl1 T10 Til T20 T21 T30 T31 T40 T4i T41 T4li TSx ! 
cmd cmd cmd cmd cmd cmd cmd cmd cmd cmd cma H 

NA done } 

+ 


' 
‘ 
' 
’ 
i] 
H 
H 
H 
: 
: 
' 
‘ 
H 
5 
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' 
$ 
§ 
‘ 
! 
H 
H NA done 
H 
: 
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BUSRDY, NOWS*, M16* and 1016* requirements. 


(BUSRDY) This signal {fs used to add additional wait states to 
@ bus cycle. -If a 16 bit device wants to add an additional wait 
state, then it must pull the BUSRDY low (inactive) by the end of the 
third CLKI6 cycle after the falling edge of ALE. To add only one wait 
state, BUSRDY must return to the high state during the fourth CLKI6 
cycle after the falling edge of ALE. If an 8 bit device wants to add 
an additional wait state, then {it must pull the BUSRDY low (inactive) 
by the end of the ninth CLKI6 cycle after the falling edge of ALE. To 
add only one wait state, BUSRDY must return to the high state during 
the tenth CLKI6 cycle after the falling edge of ALE. The decode logic 
to drive BUSRDY should use the device address and MRDC*, MWTC*, IORC* 
or IOWC* as {fnputs. Synchronous peripherals usually use the falling 
edge of BCLK as the time to change the state of BUSRDY. 

(NOWS*) This signal ts used to shorten the standard bus 
cycles. If a 16 bit memory device wants to prevent the standard wait 
state then {ft must pull the NOWS* line low (active) within one CLKI6 
time from the falling edge of ALE. (Note that this fs not possible on 
16 bit I/O cycles because it Is not known that an 1/0 cycle exists 
until the required time). If an 8 bit device wants to prevent the 
standard wait states then It must pull the NOWS* line low (active) 
within two CLKI6 times from the falling edge of the command. The 
Gecode logic to drive NOWS* should use the device address and MRODC*, 
MWTC*, IORC* or IOWC* as inputs. If less than the four standard wait 
states normally used on 8 bit bus cycles {s desired, then the NOWS* 
line can be used to provide 1, 2, or 3 wait states by delaying the 
activation of NOWS*. The NOWS* line Is sampled at approximately the 
falling edge of BCLK. 

(M16") This signal is used to indicate that the current 
address on the LA<¢23:17> lines is covered by a 16 bit memory 
peripheral. The system board will only use this signal if the current 
cycle is a memory cycle. The addressed peripheral on the bus must 
pull the M16* line low as soon as the address is decoded and hold it 
low until the address becomes fnvalid. The M1I6* line must be correct 
before BALE goes inactive to insure that it is latched by the system 
board latch. Pulling this line low prevents the 16 bit to 8 bit bus 
conversion logic from being activated. 

(1016") This signal is used to indicate that the current 
address on the SA<9:0> lines {1s covered by a 16 bit I/O peripheral. 
The system. board will only use this signal if the current cycle is an 
1/0 cycle. The addressed peripheral on the bus must pull the I016* 
line low as soon as the address is decoded and hold it low until the 
address becomes invalid. The 1016" line must be correct by the second 
CLKI6 cycle after ALE goes away to insure that {t is latched by the 
system board latch. Pulling this lfne low prevents the 16 bit to 8 
bit bus conversion logic from being activated. 
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COMPATIBLE BUS MEMORY COMMANDS 


The signals SMRDC* and SMWTC*® are used by the efght bit bus 
only. These memory signals are only enabled when the lower one _ 
megabyte of memory Is addressed. They are developed from the regular 
MRDC*, and MWTC* signals by enabling a set of tri-state buffers with 
the signal LOWEN*. This sf{gnal ts developed by the D4-SROM PAL from 
the address {Information on the system bus. The PAL also {f{ncludes the 
latching function required to hold the address through the entire 
cycle and the refresh function for any dynamic memory on the original 
eight bit bus. 
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NON PROCESSOR SUBSYSTEMS 


The processor board also contains logic to generate or handle 
other types of bus cycles. Following is a-list of those cycles. 


PROCESSOR BOARD DMA CYCLE TYPES 


DMA MEM READ BYTE 16 RAM LOW BYTE 
DMA MEM READ BYTE 16 RAM HIGH BYTE 
DMA MEM READ BYTE 8 BUS LOW BYTE 
DMA MEM READ BYTE 8 BUS ‘HIGH BYTE 
DMA MEM WRITE BYTE 16 RAM LOW BYTE 
DMA MEM WRITE BYTE 16 RAM HIGH BYTE 
DMA MEM WRITE BYTE 8 BUS LOW BYTE 
DMA MEM WRITE BYTE 8 BUS HIGH BYTE 
DMA MEM READ WORD 16 RAM 

DMA MEM WRITE WORD 16 RAM 


REFRESH READ 


SYSTEM BUS MASTER CYCLE TYPES 


BUS MASTER MEM READ BYTE 16 RAM LOW BYTE 
BUS MASTER MEM READ BYTE 16 RAM HIGH BYTE 
BUS MASTER MEM READ BYTE 8 BUS LOW BYTE 
BUS MASTER MEM READ BYTE 8 BUS HIGH BYTE 
BUS MASTER MEM WRITE BYTE 16 RAM LOW BYTE 
BUS MASTER MEM WRITE BYTE 16 RAM HIGH BYTE 
BUS MASTER MEM WRITE BYTE 8 BUS LOW BYTE 
BUS MASTER MEM WRITE BYTE 8 BUS HIGH BYTE 
BUS MASTER MEM READ WORD 16 RAM 

BUS MASTER MEM WRITE WORD _ 16 RAM 

BUS MASTER I/O READ BYTE 16 BUS LOW BYTE 
BUS MASTER I/O READ BYTE 16 BUS HIGH BYTE 
BUS MASTER I/O READ BYTE 8 BUS LOW BYTE 
BUS MASTER I/O READ BYTE 8 BUS HIGH BYTE 
BUS MASTER I/O WRITE BYTE 16 BUS LOW BYTE 
BUS MASTER I/O WRITE BYTE 16 BUS HIGH BYTE 
BUS MASTER I/O WRITE BYTE 8 BUS LOW BYTE 
BUS MASTER I/O WRITE BYTE 8 BUS HIGH BYTE 
BUS MASTER I/O READ WORD 16 BUS 


BUS MASTER I/O WRITE WORD 16 BUS 
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HOLD REQUEST: ARBITRATION. 


The RFK (refresh request) signal {is synchronized to DCLK* by 
the RFQ flip-flop. Another flip-flop synchronizes the DREQ (DMA 
request) signal from the DMA subsystem to the DCLK clock. This 
insures that the two requests cannot arrive simultaneously. Both 
requests are next clocked by a pair of flip-flops (DMARQ, REFRQ) that 
have their Q* outputs cross. connected to the other’s clear {f{nputs. 
This guarantees that only one of the two sfgqnals (DMARQ, REFRQ) can be 
active at a time. 

The two request signals are also ORed together and run through 
a circuft which locks out the combined request when a hold acknowledge 
cycle Is in progress but the original request has gone away. This 
prevents a new hold request from betng Initiated before the last one 
is completed. The output of the speed control circuit is also ORed 
{n with the other requests in order to use up cpu bus bandwidth as a 
means of slowing the system down. 

This output (HRQ) is fed to an F74 flip-flop to which acts as 
another arbitration circuit. This circuit prevents the initiation of 
processor reset from occurring durftng HRQ or HRQ from occurring during 
processor reset. This prevents the CPU from aborting a hold request 
and subsequent garbaged hold cycles. 

After the reset arbitration, the output (GHRQ*) is gated with 
the sfgnal RESCP. This prevents a hold from being started during the 
duration of the reset s{gnal to the CPU. 

The output signal from the reset lockout circuit (HRQCP) is 
synchronized to the CPU clock by a 74F175 (HOLD) to assure a proper 
setup time to the CPU. 


CPU HOLD REQUEST SETUP TIME 


CLK16* cycle time 62.5 
CLK32 to CLKI6* in F74 -~ 9.5 
CLK16* to HOLD jin F175 -~ 9.5 
386 HOLD setup time ~25.0 
MARGIN 3 3 He +18.5 


When the HLDA signal its recetved from the CPU indicating that 
the bus is available, then the signal REFRS* (gated from REFRQ) or HAK 
{gated from DMARQ) is set active, enabling the appropriate subsystem. 
If the speed control circuft is the source of the request, then 
neither of the above is set active. , 

It should be noted that if a cycle is in progress from one 
requestor, and the other requestor makes a request, then on the first 
rising edge of BCLK after the first xxxREQ signal goes away, the 
second requestor will be acknowledged. This will occur without giving 
the bus back to the CPU, {.e. a DMA hold and a refresh hold will be 
run back to back. If the speed control circuit is holding the bus 
then holds from DMA or refresh will be immediately acknowl edged. 
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CPU OFF THE BUS 


When the HLDA signal is recefved from the CPU, the address 
latches between PA<C19:2> and SA<¢19:2> are tri-stated. The PAL which 
converts BE<3:0> to SAl, SAG, and BHE*® (D4-SADO) {fs also tri-stated. 
The CPU bus command generator PAL (D4-SCMD) command output signals are 
also tri-stated. The command signals are held {nactive by pullup 
resistors until the DMA controller, refresh controller, or other bus 
master can take over the bus. The bus address latch enable signal 
(BALE) is forced to the active state requiring that any other bus 
master must hold an address stable for the duration of a bus cycle. 

To allow the 32 bit memory board to receive addresses 
generated by the other subsystems, a serfes of buffers back feeds the 
CPU address bus (PA¢23:2>) from the system busses (LA¢23:17> and 
SA<16:2>. Another PAL (D4-SADI) converts SAl, SAO, and BHE* to the 
BE<3:0> lines from the CPU and the D4-SCMD PAL converts the MRDC*, 
MWTC*, and REFRS* lines to an encoded status on the M-IO, D-C, and W-R 
lines for use by the memory board. The encoding is described in 
detail in the 32 bit bus descriptions. 

Tne data buffers between the CPU (PD<31:0>) end system bus 
(S0<15:0>) are turned around to work in the opposite direction from 
normal so that the other bus master can access the 32 bit memory as if 
it was regular 16 bit memory. 


DMA OPERATIONS 


The DMA controllers in the system operate as a separate 
subsystem from the main bus controller. They handle requests from the 
DMA peripherals, arbitrate between them, and then request access to 
the system address and command busses from the CPU by asserting DREQ. 
The system consists of two controller ICs (8237A-5), a page register 
for handling the high order bits of DMA address (74LS612), and various 
latches and logic for address routing and control. 

There are two types of DMA on this design, byte and word DMA. 
One of the controliers is connected to handle byte operations, the 
other, word operations. In order to simplify the arbitration between 
sources, the hold request line from the byte controller is connected 
to a DMA request line (DRQ4) on the word controller. The word 
controller {fs programmed for cascade mode on channel 0 (to which fs 
connected DRQ4) so that {it will not actually place an address on the 
bus when {ft acknowledges the byte controllers request. 


BYTE DMA OPERATIONS 


The DMA byte cycle begins when a peripheral sets a DRQO-DRQ3 
line active. The 8237 then arbitrates among any other pending 
requests and sets the hold request output active. This line (DRQ4) is 
connected to the word controller as discussed above which does it’s 
arbitration. The word controller then sets it’s hold request line 
active (DREQ) which is then synchronized and arbitrated by the Hold 
arbitration logic discussed above. 
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When the system responds to the DREQ with a HAK, one DCLK 
later the HAKDMA will be generated. This provides for setup time to 
the 8237 from the last CPU access. When HAKDMA goes active, the word 
8237 will respond with a DAK4 which acts as a hold acknowledge to the 
byte controller. The byte controller will, after synchronizing the 
acknowledge, assert DAENI* (through a gate) and place an address on 
the XA<0:7> lines. It will place the high byte of the address on the 
10D<0:7> lines and assert the address strobe signal to latch the 
address into the assocfated latch. The DAENI* signal also enables the 
output of the latch to the SA<8:15> lines. 

The D4-SCPY PAL dritves the SBHE* line in the opposite sense 
of SAO in order to satisfy 16 bit devices on the bus. 

The DAENI* signal its ORed with the DAEN2* signal f{nstde the 
D4-SCPY PAL to produce DAEN®* which changes the direction of the 
bidirectional buffers between the XA<0:8> and the SA<0:8> busses so 
that the DMA address will be on the system bus. 

The SAI6 lItne has an additional tri-state buffer between the 
LS612 output and SAI6. This buffer {fs enabled for byte type DMA (as 
discussed here) and disabled for word type DMA (because the word 8237 
drives SAi6 In word DMA). 

The lines LA<23:17> are driven by the 74LS612 page register 
when the CPU sets HLDA active (through the DMA* line). The selection 
of which internal register to enable to the bus is done by three gates 
which encode the DAKx signals into a register address for the LS612. 
The lines A<19:17> are also copied to SA‘¢19:17> by a buffer enabled by 
the DMA* line. i 

In the above fashion, a1] of the address lfnes on the bus are 
driven with appropriate address. When this !s complete, the 8237 
drives the lines XIORC*, XIOWC*, XMWTC*, and DMRDC* according to the 
type of cycle being run. The first three of these lines are buffered 
back to the IORC*, IOWC*, MWTC* lines by a bidirectional buffer 
controlled by DAEN*®. The DMRDC* line is handled differently. It is 
delayed. by one DCLK cycle before being gated onto the XMRDC* line and 
then to the MRDC*™ line. When DMRDC* goes inactive, XMRDC* goes 
inactive witheut the DOLE delay. This action provides a greater 
memory address setup an read commands for block transfer modes of the 
237. 

A single DCLE length wait state is added to all DMA cycles. 

To do this, the OR of DMRDOC#® and XIORC#® clocks the DW flip-flop tea 
inactive, setting DRDY inactive. On the next rising edge of DCLK the 
DXQ@ flip-flop is clocked active which in turn sets the DWQ flip-flop 
active again. On the next DCLK, DX@ will go inactive, allowing DRDY 
te go active and signal ready to the 8237. If a peripheral wants 
additional wait states, it can pull the BUSRDY line low which will set 
the DWG output to a low and prevent DXQ from going inactive. The wait 
circuit is prevented from being affected by BUSRDY except during DMA 
cycles by a gate which halds the DWH flip-flop set active. 

The D4-SCFY PAL enables the CORFYEN® Tine if SAGO is high and 
the addressed memory is 164 bit in order to route the data between the 
low half and high half of the data bus. The COFYHL line maves the 


data from high ta low on memory reads, and from low to high on memory 
writes. 
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-WORD DMA OPERATIONS 


Word DMA operations are only possible between word memory (16 
or 32 bit) and word peripherals. Also, the DMA cannot dou anything to 
an odd address boundary, on either memory or 1/0. 

The DMA word cycle begins when a peripheral sets a DRQS-DRQ7 
line active. The 8237 then arbitrates among any other pending 
requests and sets the hold request output active. The hold request 
Tine (DREQ) is then synchronized and arbitrated by the Hold 
arbitration logic discussed above. 

When the system responds to the DREQ with a HAKDMA, the word 
8237 will, after synchronizing the acknowledge, respond with a DAKx 
acknowledge to the peripheral. It will also assert AENZ and DAEN2+ 
(through a gate and D4-SCPY FAL) and place am address on the XACS:1> 
lines. It will place the high byte of the address on the IT00<¢7:0> 
lines and assert the address strobe signal to latch the address ints 
the associated latch. The DAENS# signal also enables the output of 
the latch to the SAC16:9> lines. 

The D4-SCPY PAL drives the SAO and SBHE* line to a Tow in 
onder to satisfy 14 bit devices on the bus. 

The remainder of the werd DMA operation is the same as the 
byte operation except for the handling af the COFPYEN# and COPYHL+# 
Signals. These signals are not enabled at all for word based DMA. 


DYNAMIC RAM REFRESH AND HOLD ARBITRATION 


The dynamic RAM refresh subsystem is designed to do a memory 
read cycle on each of 254 addresses in the memory space as addressed 
by SA7 to SAO. Address lines SAG is made equal ta SAGO and SA? is made 
equal to SA1 in order ta simplify 32 bit memory board design. To 
allow for future DRAMs requireing additional refresh addresses, SA1O 
amd SA11 have two additional counter bits present for a total of 1024 
possible refresh addresses. The other address lines are in an 
undefined state during the RAM refresh time. The system is alsa 
capable of being driven by am external source if another bus master 
has control. The system consists of a timer (part of the S254) which 
generates the. refresh requests every 15.?24usec, arbitration lagic 
which arbitrates whether the refresh controller or the BMA subsystem 
gets hold of the bus, a timing generator, and a refresh address 
caunter. The refresh request rate of 62.797 kHz provides 126 refresh 
cycles in 2.038 milliseec or 256 cycles in 4.07465 milliseconds etc. 

The refresh cycle starts when the REFCK out of the 8254 goes 
to a high. The clocks the RFK flip-flop ta a high. The RFK flip-flop 
will remain high until the refresh request has been satisfied. This 
line goes to the hold request arbitration circuit discussed above. 
Nothing else will happen until the arbitration circuit respands with 
the acknowledge signal REFRS+. (Note: te allow bus masters control of 
refresh, the REFRE# driver is an open catbiecter gate with a puller 
resistor). 
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When REFRS*® goes active, it will be clocked into (through a 
gate), the REFEN* flip-flop by the BCLK signal, enabling the refresh 
address from the counter onto the bus. The REFEN# signal is in turn 
clocked into REFRD® flip-flop by the next rising edge of BULK, 
enabling the MRDC# command onto the bus. The REFRD# signal is gated 
with BUSRDY and clocked into the next flip-flop (REFEND) by BCLK. 
This allows a slow memory beard to insert wait states into refresh 
cycles. The output of this flip-flop (REFEND) is gated with the 
REFRS# signal mentioned at the beginning of this paragraph to end the 
refresh cycle an the next BCLK. At the same time that the REFEND 
signal is clocked through, the REFCL# flip-flop is clocked to alow, 
clearing the RFK and RFQ@ flip-flops and ending the refresh cycle. 

If an external bus master wishes ta take the bus for long 
periods of time, it must perform refresh ar risk losing the dynamic 
memary. The external bus master cam do this by developing it’s own 
refresh request timer and internal arbitration. When it is mat 
atherwise driving the bus, but still has bus control, it can do a 
refresh cycle by pulling the REFRS# line tow with an open collector 
gate. When the MROC# line goes inactive from the refresh cycle, the 
REFRS* line should be released. The external bus master can then take 
full cantrol. 


QTHER BUS MASTER OPERATIONS 


This system allows other bus masters to take over the system 
busses and use the I/0 peripherals and memory. This is accomplished 
by the bus master software programming an unused DMA channel for 
cascade operation. When this is complete, the bus master can request 
the bus by setting the appropriate DR@ line active and waiting for a 
response. When the system responds with DAK, the bus master can pull 
the GRAB® line active (low) disabling the address, data, and cantreal] 
lines. The bus master should then wait une BCLK period before 
enabling it’s own buffers with valid address information and wait one 
more BCLE peried before driving the cantrol lines. When the bus 
master is finished, it sheuld release the GRAB*# and DRE lines to allow 
the CFU to continue operations. If the bus master keeps hold of the 
bus for more than 15 usec, then it should contain it’s own refresh 
timing and request logic to prevent lass of dynamic memory. 


he tee 
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SPEED CONTROL 


This system is implemented to give the user some control of 
the system speeds in the case that software is speed dependent. The 
system consists of a one channel of the second 8254 timer counter and 
an interconnect the the hold request circuit. The timer channel is 
programmed as a one-shot which is triggered by refresh requests. If 
the 8042 keyboard controller SLOWD# line is active (LOW) then the 
timer output will extend the CPL held time for refresh by the 
programmed value of the one-shot. During this hold time, the CFU 
cannot use the bus for execution, but the DMA subsystem can continue 
to work. The timer is clocked by DCLK giving a 250nsec increment in 
bus hold time. To disable the circuit, the 8042 SLOWD# output can be 
set inactive (HIGH) or the S254 timer can be stopped by programming 
the channel but not giving it a ceunt value Caut 4Bh, 72h). To enable 
the one-shot, program for MODE 1 (Csut 46h, 92h) and give a count value 
between OL and Sh Cout 4A, xxh). 
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PROCESSOR SHUTDOWN AND RESET 


The CFU reset and shutdown circuits are designed to properly 
reset the processor during! powerup, temporary power loss, CPU 
shutdown, and under program control for mode switching. 

Since the CPU requires a reset pulse width minimum of 15 CLKS2 
times (469nsec) to respond properly, the circuit described next pulses 
the CPU reset line for 4 BCLK cycles (S00nsec) for the cases of 
shutdown and program reset. 

The shutdown reset function is used to get the processor out 
of the situation where a processor exception occurs while doing a 
processor exception. In this case, the CPU goes inta shutdown mode as 
signaled by the status M-IO * /D-C * W-R * BEO * ALE (signal SHTD*). 
The shutdown flip-flop (SHO) is clecked active by SHTD#. 

This autput (SHO) is fed to an F74 flip-flop to which acts as 
another arbitration circuit. This circuit prevents processor reset 
from occurring during held cycles or held from occurring during 
processor reset. This prevents the CFU from aborting a hald request 
and subsequent garbaged hald cycles. 

The SHO# signal Caut af the reset arbitration) is clocked inta 
another flip-flop by the RCLE signal (which has a rising edge every 4 
BCLE times) producing RESCP#. This is in turn synchronized te CLE1é 
by another F74 to form the RESCPL signal which resets the CPU. RESO 
clears the SH@ flip-flop and ends the reset pulse. Making RESCFU 
synchronous with CLKI6 insures that CLK146 is in turn synchronous with 
the internal S02S4 CLK signal. P: 

Restarting the processor under program control is done by 
pulsing a bit in the 8042 keyboard processor (RSTAR#®). This line sets 
the SHQ flip-flop active and starts the reset sequence in the same 
Manner as described for shutdawn,. 

The last two functions, powerup reset and pawer lass reset, 
are provided by the PWGOOD signal from the power supply. This signal 
is clocked by CLE14# to form the signals RST*# and RESORV. RET# is 
used by mast circuits an the system board for powerup setup, RESDRV is 
sent to the system bus for resetting mast other circuits in the 
system. The CPU gets reset through the shutdown circuit. When RST# 
is active, the RESCP# flip-flop is set active which in turn resets the 
CPU through the F74 and RESCFU. 

The signal RESCP (inverse of RESCP#) is used to hold the 
signal CMSAWR in the high state during the rising edge of CMSCE+ 
(which goes high with PWGOOD) in order to properly set up the Cmos 
clock IC. 
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The I/0 subsystems consist of the S259A interrupt cantrollers, 
the 8254 timer/counters and their asseciated circuits, 
clock/RAM IC (MC146818), the 8042 keyboard interface, 
peripheral 
the processor board, 


the CMOS 
and the 


Also located within the 1/0 space oan 
are the DMA controllers and the DMA Page 


registers which are used to determine the top eight address bits 
during DMA operations. 


decodes the bits SAC9:5>, 
timers, 


The address decoding is done with three ICs, 
(D4-SNCP) PAL which 
and a (D4-SPFI) PAL which decodes other addresses. 


the PAL equatians for the decode PALS: 


NMICS 


IIMSAWR 


IMSRO 


KEYCS 


PBWR 


PBRD 


CIORoO§ 


TIMics 


TIM205 


i 


tt 


FPRPICS# SA4# /SATH /SAO# XIOWE 


RMSAWRE XITOWC 


RESCMS 
PPICS# SA4% /SAS# SAO# XIORC 
PPICS# SAQ# /SADe SAO# XIOWC 


FRPIIS# /SA4# /SAS# /SAQ 


PPICS# /SA4e /SAS# SAGH XIOWC 
PPICS# /SA4% /SAS* SAO# XIORC 


/BAVe /SARe KIOQRC 


INTA 
TIMGSe# /AS 
TIMES® SAD 


a 74L$S136 which 
breaks aut the two 
Belaw are 


sNMI enable Tatch write (70h) 


CMOS address write (70h) 
sor during powerup 


2IMOS data read (71h> 


We ddata write (71h) 


38042 (40h, 64h) 


Bwrite (éih) 


Port Bread (41h) 


2Q-FFH except 80257 
sar Interrupt ack 


sStandard timer 


Special Seé4 timer 
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Following is an address and bit map of the devices in’ the I/70 
“subsystem. 
ADDRESS -ADDRESS BITS DEVICE 

HEX 983765 43210 
OOh-OFh O OOO00x YY YY S237A-S byte DMA controller 
2Oh-21h 0 0001%x% xx x Y S2S7A Interrupt 2 controller 
40h 00010x0x00 8254-1 System clock Timer 0 
41h 00010x0x01 8254-1 Refresh request Timer 1 
42h 00010xOx10 6254-1 Speaker Timer 2 
43h 00010xOxi1i $254-1 Command Mode register 
4Sh 00010x1x 900 8254-2 Failsafe clock Timer 0O 
49h 00010m1x*xO1 6254-2 Extra Timer 1 
4Ah 00010 1 « 1 «0 S254-2 Speed control Timer 2 
4Bh oo0o0O10x 1» 1«1 8254-2 Command Mode register 
40h o0o0oo0o11000 x0 8042 data I/0 register 
41h 000110 0%.%%2!1 Port B/C In/Outputs 
&4hi 0o0o011001x 90 8042 status/command register 
70h 00o01110-%x x QO CMOS address register 
70h 000 1110x «x O NMI enable register (bit & low) 
7ih o001110x»x 1 CMOS data I/0 register 
80h 00100x0000 DMA Page register SPARE 
Sih oo100x 0001 DMA Page register CH 2 page 
S2h 00100x001 0 DMA Page register CH 3 page 
83h 90100x0011 DMA Fage register CH 1 page 
84h 00100x90100 DMA Page register SPARE Es 
8Sh 0oo100x0101 DMA Page register SPARE 
Béh 00100*x011 0 DMA Page register SPARE 
87h 00100x0111 DMA Page register CH O page 
Soh 00100x1000 DMA Page register SPARE 
Beh 90100x1001 BMA Page register CH 4 page 
SAh 0o0o100x1010 DMA Page register CH 7 page 
SBh 90O100x101 1 DMA Page register CH 3 page 
ath oo 1000x1100 DMA Fage register SFARE 
Soh oo190 0% 1101 DMA Fage register SFARE 
BEh 0o0100x1110 DMA Page register SPARE 
SFh 00100xi1311~1 DMA Page register REFRESH page 
AOh-ALh OO0O101%x*%x xxx Y¥ 625%a Interrupt 2 controller 
COh-CFh OO 110YYYY x 8237a-5 word DMA controller 
FOh oo1i11%xOx x 0 Clear numeric processor busy 
Fih oo1%1i1xOxxil Reset numeric processor 
Feh-FFh OO 11111YY.x 80287 command ports 
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I/O subsystem Bit usage: 


ADDR 61h Port EB <CREAD/WRITE>> 


Oo r/w + Timer 2 Gate speaker 
i r/w + Speaker data 
2 r/w + Disable/Clear failsafe timer 
3S r/w + Disable/Clear I/0 channel error 
4 ro + refresh detect 
S ro + Timer channel 2 output 
& ro + I/O channel error 
7 reo + Fail safe timer interrupt 
ADDR 70h CMOS clock address/NMI Mask register 
0-5 CMOS address bits 
7 -NMI enable 


INTERRUFT CONTROLLER 


The @257A interrupt controllers subsystem handles interrupt 
requests from the system bus, the system timer, the keyboard, and the 
numeric coprocessor. Interrupt requests from cantraller 2 are 
cascaded inte IRGZ of contretler 1. Controller 1 is a MASTER 
controller, controller 2 is a SLAVE as indicated by the SF/EN input to 
the devices. The arbitration between controllers is communicated over 
the CASx lines during the time between the interrupt acknowledge 
cycles. The interrupt levels for each line are shown below in 
priority orders 


SW int Interrupt 

INT & IRHO-1 SYSTEM TIMER (8252 TIMER 0) 

INT ? IRG1i-1 KEYBOARD CHAR AVAILABLE 

na IR@2-1 Interrupt from CTLRE 

INT 70 IRG@G-2 CMOS eloeck interrupt 

INT 71 IRQ?-2 BUS PIN BO4 (software redirected ta INT A) 
INT 72 IRQiO-2 BUS FIN DOS 

INT 73 IRQ11-2 BUS FIN DO4 

INT 74 IRQ12-2 BUS PIN DOS 

INT 735 IRGi3S-2 Numeric Coprocessor (Software redirected to INT 2) 
INT 76 IRQ14-2 BUS PIN DO7 


INT 77 IRQ1iIS-2 BUS PIN DOG 

INT B IRQ3-1 BUS PIN B25 

INT C IRQ@4-1 BUS PIN B24 

INT D IRQS-1 BUS PIN B23 

INT E IRGé-1 BUS PIN B22 
F 


INT IR@7-1i BUS PIN B2i 

The interrupt controllers are lacated aon the 1/0 data bus 
TOD<7:802 in order te provide adequate buffering from the system bus. 
Because of this, the interrupt acknowledae cycle requires the D4-SPFI 
PAL to decode the CIGRD*® signal active. 
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NON MASKABLE INTERRUPT CIRCUITS 


The NMI (Non Maskable Interrupt) input to the processor is 
activated from the expansion bus I/OCHK circuit described below. The 
NMI input can be masked off by the hardware by setting the NMI Mask 
register (Add 70h bit 7) to ai. In order to receive an interrupt the 
mask register must be set to a oO. Note that this address is shared by 
the CMOS clock address register so that it is necessary to reprogram 
the address register before each access to the CMOS clock. 


EXPANSION BUS INTERRUPT line (Al) 


The expansion bus IOCHK® circuit contains an error latch and 
an enable latch (pert 61h bit 2). The error latch state can be read 
on port 46th bit & where a il indicates the error. This latch can be 
Cleared by setting the I1/0 CHECK disable latch to a i mamentarily. Te 
prevent any I/0 CHECK errors from generating an interrupt, set the I/0 
CHECK enable latch to alto disable the error circuit. 


FAILSAFE TIMER INTERRUPT 


The failsafe timer NMI circuit cantains an interrupt latch and 
an enable latch (port 6ih bit 2). The interrupt latch state can be 
read on port Gif bit 7 where a 1l indicates the interrupt. This latch 
can be cleared by setting the failsafe timer enable latch to a 1 
momentarily. To prevent any failsafe timer interrupts from generating 
an interrupt, set the failsafe timer enable latch to a i to disable 
the interrupt circuit. This circuit can be permanently disabled by 
turning SWi-1 OFF. 


SPEED. CONTROL TIMER . 


The speed cantrol timer is used ta slaw down the cpu execution 
rate as described in the NON PROCESSOR operations section. Ts enable 
the speed reduction, the S642 keyboard processor port 2 bit 2 is set 
to a low state and the timer is programmed for MODE i with a count 
between 2 and 35h. The larger the count, the slower the system will 
be. If a count greater than 38h is entered, then the system may lock 
up (speed goes to zero). This speed control also depends on the 
refresh rate as programmed into the refresh timer. If the refresh 
timer is programmed faster than it’s normal value (19 decimal) then 
the maximum speed count will be less (or the system will lock up). 


TT ar 
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NUMERIC COPROCESSOR INTERRUPT AND BUSY 


The Numeric coprocessor interrupt and busy subsystem is 
designed to make the SO267/80367 error handling system as much like 
previous products as possible. In normal operation, the 80287/803387 
will execute it“s instructions and set the BUSY7# line active until 
the instruction is complete. The D4-SNCP PAL will enable the BUSY 
line in response to prevent the CPU from sending any more &60287/80287 
instructions to the numeric coprocessor. 

If an error occurs during the execution of the instruction, 
the ERROR# line will go active and the BUSY7# line wil? go inactive. 
In this case the PAL will cause an interrupt (IRQ13) when ERROR*® goes 
active. To prevent another 80287/S80387 instruction from being 
executed before the errar interrupt subroutine is entered, the BUSY 
line is then set (even though the BUSY7# input goes inactive). 

When the interrupt subroutine is entered, the software should 
do am output instruction te port FO te reset the error enable latch 
(the data written is not important). This in turn clears the 
interrupt and resets BUSY sa processing can continue. The enable 
error Jatch (which is cleared by the port FO write) will remain 
disabled until software clears the error condition and the ERROR# line 
goes inactive, enabling the latch and further interrupts. 

Due te the design of the SOs5464, there exists a possibility 
that the CFU may lock up during some coprocessor instructions which 
cause an error. The system also contains a timeout circuit which will 
break the lock up if necessary. If the IRGIS line is active for more 
than iS5usec and the CPU completes no bus cycles in that time, the 
BUSY*# line is set inactive to break the lock. In this case, the 
interrupt routine will then be entered before the next instruction. 

If a coprocessor is not installed (as indicated by the switch 
SW1i-z setting off), then the D4—-SNCF PAL will simulate it’s presence 
by setting the BUSY# line active for ilScusec after each write to the 
BQ2a7/202337 address space. This prevents the SOsE4 fram locking up 
while waiting for a response from the SOSS7/80557. 

The SO237 can be reset Chardware reset)? seperately from the 
BO386 by writing to I/O port OFih. The data written is not important. 
The 80387 cannot be reset by the above method, it is reset anly at 
powerup. The anly method of initializing the SOS87 is the FINIT 
instruction. 
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The system board includes a switch (SW1-7) which is used to 
select between the 80387 and the 80287. This switch MUST be in the 
correct position for proper operation. If this switch is set to the 
80387 position, and the S0387 is not installed, the system will crash. 
The proper settings are shown below. — 


SW1-2 SwWi-7 80287 80337 


On On In Out normal operation of 80287 

On Off Out In normal operation of 80387 

Off On Qut Out Normal operation without coprocessor 
Off On Out In Normal operation without coprocessor 
On On In In Not recommended (but 287 works) 

On Off In In Not recammended (Improper operaticn) 
Off an In In Net recommended (error message) 

Off aff In In Not recommended (error message) 

On Gr Mut ST? Installation error message 

OTT Or In Gist Installation error message 

aff Off Out In Installation error message 

On ott 277 Mut System lockup on x87 instruction 

Off aft TP? Out System leckup om xE7 instruction 


KEYBOARD INTERFACE 


The keyboard interface system consists of a Universal 
Peripheral Interface IC (8042 or 8742), a D4-SKEY PAL, and several 
small components to make connection te the keyboard. The primary 
device is the UPI, which is a self contained processor. This device 
serializes and deserializes the codes to and from the keyboard and 
does several other system functions. Included in these functions are 
the reporting of the switch settings from the input port (Con command), 
and controlling the CPU reset line and slowdown Tockout Tine. The UFIT 
is alsa programmed ta contral the LOWAZO line (for limiting the CPRU 
address to 1 Mbyte) but this function is taken over by the D4—-SKEY 
FAL. 

The D4-SKEY FAL watches the commands toa the WFI and intercepts 
those having to do with the LOWA2ZO line. It then drives that line and 
prevents the UPI from getting the commands by disabling the keyboard 
write line (KEYWR#). This response is done within a few DCLK cycles 
instead of the several hundred UPI clock cycles required by the UFI 
software. 

The PAL circuit is designed to be disabled (in case of : 
compatibility problems) by the removal of a single zero ohm resistor 
connecting the KAZO# line to ground. This line (KAZO#) is the enable 
Signal to the D4-SKEY PAL. When this line gces high (by removing the 
resistor) the LOWA2O and the KEYWR* lines are not driven by the FAL, 
the UPI resumes driving the LOWA2O line and a resistor between IOQWC# 
and KEYWR# provides the write signal to the UFI ts allaw normal 
Function of the UFT on the LOWAZO commands. 


Big 
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8049 INPUT PORT 

Not defined 

Not defined 

60287 installed switch 
80287 speed switch 
Switch 4 

Switch 35 

Switch 6 

Keyboard inhibit switch 


NO OUSQMrO 


8049 OUTPUT PORT 

Reset 80286 CPU when low 

Force address wrap past FFFFFH to 00000 when low. 
Net Used 

Enable slowdown when low 

Keyboard Gutput buffer full Cinterrupt to S257) 
Keyboard Input butter full (nat used) 

Keyboard clock line (output) 

Keyboard data line Cautput) 


No Ub ON O 


2049 TEST PORT 
Keyboard clack line 
Keyboard data line 


— > 


SPEAKER INTERFACE 


Fhe speaker interface allows the speaker to be driven from two 


Sources, the S253 timer 2, or the orocessor through port Sih bit 1. 
In addition, the timer can be enabled and disabled from port 61h bit 
Oo. In order to use the timer to generate a tone, it is mecessary to 
program it to the desired frequency (the input cleck rate is 1.193 
mh=z), and set port 61h bits O and 1 ta a l. If the speaker is to be 
teqgled directly by the CFU, part Gih bit © should be set ta a zern 
and bit 1 should be toggled. 


REFRESH TIMER 


The system refresh is obtained by doing a DMA request from 
memory about every 15 usec. The timing is derived from the system 
clock and the refresh timer 1. In order to achieve the required 
refresh rate for dynamic memories (125 cycles in 2 milliseconds) the 
timer must be programmed to 15 or 19. 


desired divider value is (.002/128)#1193182 
actual refresh rate for 18 is 18#128/1193182 
actual refresh rate for 17 if LPHLISS/1LIPS1IS2 


18.44 
1.931 msec 
2.038 msec 


on tt 


A divider value of 12 results in a refresh rate slightly 
higher than necessary but this is better than breaking the specified 
refresh time as a divider value of 17 does. 
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SYSTEM TIMER 


The system timer O is comnected directly to the interrupt 
controller so that system timing functions (time of day, Floppy motor 
timeout etc.) can be done. It is normally programmed by software to a 
frequency of 18.20478 Hz. 


CMOS CLOCK CIRCUITS 


The System CMOS clock circuits are used for two purposes. One 
is to provide an accurate time of day clock, the other is to provide a 
small amount of permanent memory which is not lost during power off 
times. The main IC which provides these functions is the MC146618 
real time clack chip from Mateorala. There is also a CMOS inverter 
package which is used for am oscillator and ta provide a quality chip 
select to prevent Spurious writes during power cycling. The inverter 
(406%) is used in a series type Pierce ascillator with a 32765 Hz 
crystal. This circuit is very sensitive due to the extremely small 
currents used ta maintain oscillation and will mot work properly if 
the printed circuit board is dirty or if test instruments proke any of 
the nodes conmmected to the crystal. 


The power pravided te the CMO circuits is designed ta be 
maintained during power off periods by a battery. To do this, a dicde 
switching circuit is used to switch from the output of a special 
regulator to the battery source. A diode is used to reduce the 
battery voltage from the battery connecter to between 4.5v and S.Sv at 
the clock ICs. The regulator is a shunt type from the +i2v supply and 
provides 6.2v before the diode. With the power on, the voltage at the 
clack ICs should be about S.5v. The choice of voltages should prevent 
the battery from providing the power to the clock circuits when the 
unit is om. This is necessary because the current drain from the 
cleck is several arders sf magnitude higher during system operation 
than during shutdown. 

One additional diode is used te guarantee that the clock ICs 
do not “latch up" during power cycling with no battery (which could 
destroy the ICs). This diode guarantees that the Vec te the clock is 
hever more that 0.7v less than the voltage on the inputs thus 
preventing the turn on of the spurious SCRs in the CMOS circuits. 

The battery voltage range at the battery connector is shown 


be lows 
absolute 
minimum maximum maximum 
i> S8.0v 6. 0v &.2V 
2) Normally Keyed 
3) 
4) O.Ov Oo. Ov oO, Ov Ground 


The absolute max spec is for a battery that is mew, and should mot be 
maintained for mere than 24 hours at 100 ua. After this time, the 
normal min/masx voltage spec applies. 

The current drain on the battery varies with voltage and clack 
operating made, but is usually about S0-?0 ua after running the 
diagnostic setup. The maximum current sheuld tbe under 150 ua. 


\ 
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SWITCH SETTINGS 


The processor board has one DIF switch with six individual 
Switches. The function of the switches is as follows; _ 


1) Failsafe timer enable (when OND). 
This switch is normally on. 
2) 80287 coprocessor installed (when ON). 
This switch must be ON when the SO2S7 is installed and 
OFF when the S0287 is not installed. 
3) 4mHz2 80287 operation Cwhen ON). 
If an 80287 dash 1,2,8,10 is used then the switch should 
be OFF. If dash 3 or & is used then the switch must be CGN. 
4) Switch 4 (see saftware spec for usage) 
=) Switch 3 (see software spec for usage) 
4) Switch 4 (see saftware spec for usage) 


FROCESSOR POWER REQUIREMENTS 


The processor board uses Sv, and lov power. It distributes 
pewer for other components of the system from the -Sv, -lév and aux 
l2v provided by the power supply. With no other components (except 
the speaker) cannected te it, the processor uses 22 milliamp at Lv, 
and 2.4 amps at Sv. The maximum expected power requirement should be 
24 ma at i2v, and 3.0 amps at 5.0v. . 
By 
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ROM MEMORY SYSTEM 


The ROM memory system on the memory board consists of four 
sockets for 28 pin ROMs or EFROMs and decoding logic to enable them. 
The ROMs can be either SK, 16K, or 32K x 8 bits in size depending on 
the arrangement of jumpers xx to xx. The ROM sockets are arranged in 
two sets of ROMs (16 bits wide) designated SYSTEM ROMs 1 (always 
present and including address (OFFFFOh) and system ROMs 2 (located at 
lower address than SYSTEM ROMs 1). There is also a jumper. for each 
bank to select between static and dynamic ROMs. The jumper setting 
for each type of device is shown below. 


8k ROM 
14k ROM 
32k ROM 
ek EPROM 
16E EPROM 
3SZkK EFRUM 


PROGRAMMABLE active 
FROGRAMMABLE active 


HI CS ON 26,27 
HI CS GN 27 


INTEL 
INTEL 
INTEL 


2764 TYFE 
27128 TYPE 
27256 TYFE 

Standard configuration 
4=5 «4 =o 
4 


7 e=9 


ROMS1 (system ROMs 


> use jump 
ROMS2 Coptian ROMs): 


block E 
use jump E 


black 


Sk Device 1 
14k Device 1 
S2k Device 1 
Static device 7= 
Dynamic device 7 


4=5 
4=5 
45 


The addresses of the ROMs for the three ROM size configurations are 


shown below. 
address Zk devices 16k devices Bek devices 
OEOOQOOH SYSTEM ROMs 2 SYSTEM ROMs 2 SYSTEM ROMs 2 
OEZO00H SYSTEM ROMs 2 SYSTEM ROMs 2 SYSTEM ROMs Z 
OE4000H SYSTEM ROMs Za SYSTEM ROMs 2 SYSTEM ROMs 2 
OES&OQ00H SYSTEM ROMs 2a SYSTEM ROMs 2 SYSTEM ROMs 2 
OE8000H SYSTEM ROMs 2b SYSTEM ROMs Za SYSTEM ROMs 2 
OEAQOOH SYSTEM ROMs 2b SYSTEM ROMs Za SYSTEM ROMs 2 
OECOOOH SYSTEM ROMs 2c SYSTEM ROMs 2a SYSTEM ROMs 2 
OEEOQOOH SYSTEM ROMs 2c SYSTEM ROMs 2a SYSTEM ROMs 2 
OF OOOOH SYSTEM ROMs 1 SYSTEM ROMs 1 SYSTEM ROMs 1 
OF 2000H SYSTEM ROMs i SYSTEM ROMs 1 SYSTEM ROMs i 
OF 4000H SYSTEM ROMs ia SYSTEM ROMs 1 SYSTEM ROMs 1 
OF &000H SYSTEM ROMs ita SYSTEM ROMs 1 SYSTEM ROMs i 
OF SOOOH SYSTEM ROMs 1b SYSTEM ROMs la SYSTEM ROMs 1 
OF EOOOH SYSTEM ROMs 1b SYSTEM ROMs la SYSTEM ROMs 1 
OF COOOH SYSTEM ROMs ic SYSTEM ROMs la SYSTEM ROMs 1 
OFEOQOOH SYSTEM ROMs ic SYSTEM ROMs 1a SYSTEM ROMs i 

The designation “la‘, “Lb", "le" etc. means that the contents of the 


ROM can 


be found 


duplicated at this address, 
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ROM/EPROM speed requirement 
The required speed for the ROM or EFROM is given below? 


Address access time for ROM/EPROM 


S «x CLK16 cycle 3i2 
ALE delay in PAL ~ 15 
ALE delay in FOO ~ 7 
address latch delay als573 -~ 20 
buffer prop delay 15244 - 20 
DATA latch setup time - 10 
Latch enable delay in PAL + 5 
CMD# delay from CLK14 in PAL + 5S 
ACESS TIME HHHHHHHH DEO 


OE access time for ROM/EPRCM 
ME/OS access time fer ROM/EPROM (Cjumpered dynamic) 


4 x CLEIG cycle 250 
CMD from CLE16# in FAL -~ is 
MRO from CME# in FAL Ses 
KE# from MROCH# in FAL es 
buffer prop delay 18244 - 20 
DATA tatch setup time ~ 10 
Latch enable delay in PAL + S 
CMO# delay from CLK1é in PAL + & 
ACCESS TIME HHRHHHRH LES 


CS access time for ROM/EPROM (jumpered static) 


Sx CLK146 cycle 312 
ALE delay in PAL - 15 
BALE delay fram ALE in FOO - 106 
ROM* from BALE in PAL - 25 
butter prop delay 1s244 ~ ZO 
DATA latch setup time ~ 10 
Latch enable delay in FAL + &S 
CMDO+ delay from CLK16 in PAL + S$ 


ACCESS TIME HHHKHAHHH BAD 
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D4 OPTION 


xx*te Xe ee Wa 


Nh e 


er 


BOARD 


x Xe 8 Ch 


e Xs 8 


xen 


SLOT SPECIFICATIONS. 


32 bit. 
16/8 bit. 
8 bit only. 
drop down to 
drop down to 
no drop down 
full size 
short slot 


gold finger 
motherboard 
available. 


(& inch) 


lised for 

Available 
Available 
Available 
VOL 

Hard Disk 
Floppy/Serial/Printer 
Available 


standard memory 


January O53, 1987 


page 35 


(no memory on motherboard) 


edge. 
surface. 


board 
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EXPANSION BUS DEFINITION 


BUS Signal 
Fin Name Description 
AO! IOCHK# This input signal is used to signal the CPU 


about parity or other serious errors on adapter cards plugged into the 
expansion bus. This signal should be driven low by an open collector 
type output capable of sinking 20 mA when an uncorrectable system 
error occurs. 


ANZ-AO?F SD7-SDO These bidirectional signals are the 
lew 8 bits of the system data bus. They should be used exclusively by 
all eight bit devices ta transfer data. Sixteen bit devices shauld 
use these limes to transfer only the low half of a data word when the 
address line AO is low. These may be driven by an expansion bus 
adapter acting as a bus master. 


AiO BUSROY This input signal is used to lengthen a bus 
cycle from it“s standard time if a bus adapter cannot respond quickly 
enough. Tt should be pulled Jaw by an open collector type device as 
soon as a slow addressed device is selected and held low until the 
device has responded. Bus cycles are lengthened by an integral number 
of (BCLE) cycles. This line should mot be held low for more than 2.5 
Microseconds. This line should be driven by an open collector device 
capable of sinking 20 mA. 


Ail AEN This output signal when inactive (low) 
indicates that the CPL ar other adapter mounted bus master has contre} 
of the bus. When active, the DMA controller has cantrol of the bus. 
It is often used to disable devices which must mat respond during a 
DMA cycle. 


ALZ-ASB1 FAIY-SAO These bidirectional signals address 
memory or I/O devices within the system. They farm the Tow order 20 
bits of the 24 bit address bits that the system offers. These lines 
are enabled ante the bus while BALE is high and are latched when BALE 
gqzes from a high to a low state. These may be driven by an expansion 
bus adapter acting as a bus master. 
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BO2 RESDRYV This output signal is used to reset 
the hardware during powerup or power failure. It is active high. 

BO4 IRQS? 

B21 TRQ7 

B22 TROQSG 

B23 IRQS 

B24 IRQ4 

B25 IRQ3 

DOS IRQ10 

DO4 TRQ11 

BOS IRQi2 

DOs IRQiS 

007 TROE14 These input lines are used ta 


interrupt the CFU to request same service. The interrupt is 
recognized when the line gues from a low ta a high and remains there 
until the appropriate interrupt service routine is executed. 


BOs ORQ2 
B14 DRQS 
Bis DRG 
boy DRQO 
Nii DROS 
ois DROS 
bid DROZ These input lines are used to request 


a DMA service from the DMA subsystem or to gain control of the system 
bus from the main CPU (Dma ReQuest). The request is made when the 
line goes from a low to a high and must remain there until the 
appropriate DAKx (Dma AcKnowedge) line qoes active. 


BOS NOWS+ This input line (No Wait State) is 
used ta inform the system that standard wait states cam be deleted for 
cycles when this line is made active. The line must be pulled low 
befare the falling edge of BCLE in order to be recognized. This line 
should be driven ty am open collector device capable of sinking ZO mA. 


Bil SMWTC# This output line (standard memory 
write) is active (low) only whem an address fram O00000h to OFFFFFh is 
decoded. This line is derived from MWTC#. 


Biz SMRDC# This output line (standard memory 
read) is active (low) only when an address from OQOQO000h to OFFFFFh is 
decoded. This line is derived from MRDC#, 


Bis IOWC# This output line (1/0 write) indicates 
(when low) when an I/0 device is to accept the data from the data bus. 
It may be driven by an expansion bus adapter acting as a bus master. 


B14 IORCe This output Tine (1/0 read) indicates 
(when low) when an I/0 device is to send data to the data bus. It may 
be driven by an expansion bus adapter acting as a bus master. 
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Bis DAK3* 
B17 DAK1* 
B2é DAR 2s 
DS DAKO# 3 
Dio DAKS* 
p12 DAK46# 
D114 DAK7* These output lines (Dma AckKnowedge) 


indicate that a request for a DMA service from the DMA subsystem has 
been recognized. The acknowledge is indicated by a LOW on this line. 
This line should be used to decode the DMA device with the IORC#® or 
TOWC#® line to indicate selection. If used to signal acceptance of a 
bus master request, this signal indicates when it is legal to pull 
GRAB# low. 


B19? REFRESH+ This autput signal is used ta indicate 
(when low) a refresh cycle in progress. It should be used ta enable 
the SAQ-SA7 address lines tau the row address inputs af all banks of 
dynamic memory so that when the MROC# goes active, the entire system 
memory is refreshed at one time. It may be driven by an expansion bus 
adapter acting as 4 bus master. 


B20 BCLE This autput signal is pravided tou 
allow synchronization to the main processor clock. Its frequency will 
be approximately SMHz with a duty cycle of S502. 


B27 T/C This output signal (wher high) y 
indicates that the terminal count of a DMA operation has been reached. 
It should be decoded with the appropriate DACKx line for proper 
eperation. 


2a BALE This output signal (when high) 
indicates that a valid address is present om the LAxx address lines. 
The LAss address lines or any decades developed fram them should be 
latched at the falling edge of BALE. This line is always high when a 
OMA or bus master operation is eccurring. 


B30 ose This output signal is a clock for use 
in timing applications. It“s frequency is 14.31818& MHz and duty cycle 
is appoximately SOZ. 


C1 SBHE+# This outonut signal (System Bus High 
Enable) indicates (when low) that the high half of the SDx data bus 
should transfer the data on adapters which support the full 16 bit 
data bus. It may be driven by an expansion bus adapter acting as a 
bus master. 


eee LAZZ-LAI7 These cutput signals (Latchable 
Address) are used to decode memory which must respond with zeros or one 
wait state. They are only guaranteed to be valid when BALE is high. 
These may be driven by an expansion bus adapter acting as a bus 
master. 


t 
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Cc? - MRDC# ' This output line (memory read) 
indicates (when low) when a memory device is to send data to the data 
bus. This signal is active over the entire address space of the 
system. It may be driven by an expansion bus adapter acting as a bus 
master. 


C10 MWTC# This output line (memory write) 
indicates (when low) when a memory device is to accept the data from 
the data bus. This signal is active over the entire address space of 
the system. It may be driven by an expansion bus adapter acting as a 
bus master. 


C11-cCie snos-SsDis These bidirectional signals are the 
high @ bits of the system data bus. Sixteen bit devices should use 
these lines to transfer the high half of a data word when the line 
SBHE# is low. These may be driven by an expansion bus adapter acting 
as a bus master. 


Di M1Lé+ This input line (Memory is 16 bits) 
signals the system that the addressed memory is capable of 
transferring 14 bits of data at once. When this line is made active, 
during a memory read or write, the standard one wait state memory 
cycle will be run. This line should be derived from the LAsx address 
lines. This line should be driven low by an open collector device 
capable of sinking 20 mA. 


D2 1016 This input line (1/0 is 16 bits) 
signals the system that the addressed I/0 device is capable of 
transferring 16 bits of data at once. When this line is made active, 
during an I/0 read ar write, the standard one wait state I/O cycle 
will be run. This line should be driven low ky an open collectar 
device capable of sinking 2O mA. 


Di? GRABS This input signal is used ts indicate 
that an adapter mounted bus master is controlling the bus. An adapter 
may pull this line low when the appropriate DAKx line is made active, 
signalling that a master request is granted. The system address, data 
and control lines will be floated, allowing the adapter to begin 
controlling them one full BCLK period after GRAB is made active. At 
least one more full BCLE period should be allowed after putting a 
valid address on the bus before activating any of the control lines. 
This line should be driven by an open collector device capable of 
sinking 20 mA. 


BO1,B10,B31,D18 GND These lines are connected to the 
system AC and DC ground. The maximum current allowed on any single 
contact is 1.5 amps. 


BOS, Ber, O14 +3 Vde These lines are connected to the 
system power supply for 3 volts. In additicn toa the maximum power 
available from the supply, the maximum current allowed on any single 
contact is 1.5 amps. 
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BS “3 Vde This line is connected ta the system 
power supply for minus S volts. This supply is intended for low 
current usage only. 


B7 -12 Vdc This line is connected to the system 
power supply for minus 12 volts. This supply is intended for low 
current usage only. 


B9 +12 Vde This line is comnected ta the system 
power supply for 12 volts. In addition to the maximum power available 
from the supply, the maximum current allowed on this contact is 1.5 
amps. 


BUS TIMING INFORMATICN 
This information assumes that the system clacks are at a canstant 
SmHz. Since in same cases this is mot true, same cycles may have more 


time available than indicated. 


CPL & bit command active time (standard wait state) 


9 « CLELIG cycle 247 
CPU S&S bit command active time (NO standard wait state) 
3 x CLK1I4é cycle 187 
CFL 16 bit memory command active time (standard wait state) 
4x CLK1&6 cycle 250 
CPU 14 bit I/0 command active time (standard wait state) 
2 »x CLK16 cycle 187 


CFU 14 bit memory command active time (NO wait state) 


Sx CLEIG cycle 125 
CFll extra wait state size 
2 x CLK16 cycle i25 
Address access time from SAx address lines, 16 bit bus read cycle. 
S x CLK1& cycle 212 
ALE# active delay in PAL - 15 
ALE# TO ALE in FOO - & 
address latch delay als573 - 20 
Latch setup time a1lsS73 - 10 
CMD from CLK16* in PAL + 6 
BCK= from CMD in PAL + § 


ACCESS TIME HHH EH 275 
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Address access time from SAI9-SAO address lines, 8 bit bus read cycle. 
11 » CLK16 cycle 687 
ALE# active delay in PAL - 15 
ALE# TO ALE in. FOO -~ 6 
address latch delay als573 - 20 
Copy buffer delay 15245 ~ 150 
Latch setup time als573 - 10 
CMD from CLK16# in PAL | + & 
BCKx from CMD in PAL + 8&8 
ACCESS TIME HHH HE 635 
Access time from BALE active, 16 bit bus read cycle. 
5S x CLK1& cycle 312 
ALE# active delay in PAL - 15 
BALE from ALE in FOO = A 
Latch setup time alsi7z - 10 
CMO from CLEL4% in PAL + & 
BCKx from CMD in PAL + § 
ACCESS TIME HHH 272 
MROC+ Access time, 16 bit bus read cycle. 
4 ~ CLELIG cycle 250 
MROC+ from CMD in FAL — AS 
Latch setup time alsS73 - 190 
BCKx from CMD in PAL + & 
ACCESS TIME HHRHEHHH 233 
TORC# access time, 14 bit bus read cycle. 
3 x CLK16 cycle 187 
IORC# from CMD in PAL - 15 
Latch setup time als573 - 10 
BCK= from CMD in PAL + 8 
ACCESS TIME HH HH Ht 170 
MROC#, IORC#, access time, & bit bus read cycle. 
9 x CLK16& cycle 562 
MRDC# from CMD in PAL - 15 
Copy buffer delay 15245 - 1S 
Latch setup time aisS73 - 10 
BCKx from CMD in PAL + $8 
ACCESS TIME HHH HH 527 
SMRDC# access time, 8 bit bus read cycle. 
9 x CLK16 cycle S62 
MRDC# from CMD in PAL - 15 
SMRDC# fram MRDC# in LS125 - 16 
Copy buffer delay 15245 - 15 
Latch setup time alsi73 - 16 
BCE from CMO in FAL + 8 


ACCESS TIME HHARUHHE Soy 
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Data hold time from MRDC#, IORC#, 8S and 16 bit cycles 


data hold from BCKx ALSS73 7 
BCKx delay from CMD in PAL max 15 
DCMD from CMD in PAL mir - 8 
command from CMD in PAL min - 8 
Required data hold He tet He ME Hh tt dE det & 


LAx address valid to 16 bit memory command setup 


3 # CLK16 187 
CPU address cut from CLK16& max - 40 
Address buffer delay ALS245 max - 17 
CMD from CLK16# in PAL + & 
command from CMD in FAL + SS 
SETUP HHHHHRHHE : 141 


LAx address valid ta Mié# active requirement 


3% CLELI4G 137 
CPU address out from CLK16 max - 40 
Address buffer delay ALS2Z45 max -~ 17 
Mié# setup required te ALE in FAL 20 
SETLIF HHH HEHEHE 105 


BALE valid to 16 bit memory command setup 


1 # CLK16 62 
ALE# active delay in PAL - 15 
BALE from ALE®# in FOO -~ 
CMD from CLEKE1é# in PAL + & 
command from CMD in PAL + § 
SETUP HHH HE ag? 


BALE valid te required M14 


1 # CLE14 6&2 
ALE* active delay in FAL - it 
BALE fram ALE# in FOO - 
M148 setup in FAL - 25 
SETUP HEHE 13 


SAx address valid to 1&4 bit memory command setup 
1 *# CLKI4 é2 


ALE# active delay in PAL - 15 
BALE from ALE# in FOO - 
CMD from CLKI6# in PAL + & 
command from CMD in PAL + 5S 
address latch delay ALS5S73 - 20 
SETUP : HHH 29 
BAx address valid to I/O, & tit command setup 
SF SLELA rapa) 
ALE* active delay in FAL -~ 15 
BALE fram ALE# in FOO - °° 
CMD from CLEI4# in PAL + & 
command from CMD in FAL + oS 


address latch delay ALSS7=3 
SETUP SEH H He at sede de 
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SAC19-0> address hold from command 
1 # CLK1I6 62 
CMD from CLK14# in PAL -~ 15 
command from CMD in PAL - 15 
ALE* active delay in PAL min + § 
ALE* TO ALE in FOO + 2 
address latch delay alsS73 min + 7 
HOLD MESe eH a HE EE Ht 46 
CPU write data setup to MWTC# active, 16 bit bus memory cycle. 
CLK16 time 62 
MWTC# in PAL delay min 5 
BENx delay in PAL max - 25 
data buffer delay LS245 - 40 
SETUP HHH HHH z 
CPU write data setup to IOWC# active 
2 # CLK14 125 
MWTC# in PAL delay min bs 
BENx delay in FAL max - 25 
~ data buffer delay LS245 - 40 
SETUP HHH HHH 45 
CFU write data setup to MWTC#, IGWC# active, & bit bus 
MWTC# to CPYEN#® in PAL delay - 25 
data buffer delay LS245 - 40 
‘SETUP He He HE EE ae eae - 65 
CPU write data setup to MWTC#, IOWC#, inactive, 146 bit bus memory 


cycle. 
=> # CLELE time max 
BEN=+ delay in PAL max 
data buffer delay LSS4s 


MWTLR in FAL delay min 

SETUP HHH HAE 
CPL write data setup to MWTC#, IOWC#, inactive, 
LOW BYTE. 

9 # CLK16 time max 


BENx# delay in PAL max 
data buffer delay LS245 
MWTC# ins PAL delay min 
SETUP SAE EE Hae se at 
CPU write data setup to MWTC#, 
HIGH BYTE. 

Vv # GLELG time max 

TOrPYENS delay in FAL mas 

data buffer delay LE245 

SETUP HEHEHE HH 


IOWC#, inactive, 


MRIUH# active time 
DCLE cycle time 


Refresh 


Refresh address setup to MRO active 
2 # CLE1G 

1sS90 delay max 

LS244 DELAY (SAG,SA) 

1s125 delay min 


SETUP (SAS, SA) HRA HH at 


8 bit bus memory cycle 


962 
- 25 
- 40 


5 


502 


8 bit tus memory cycle 
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Refresh address hold from MRDC# inactive : 
18590 delay min + 5 
Ts125 delay max - 20 
- SETUP SHH HH abate ese - 15 


Refresh wait state BUSRDY low delay from MRDC® active 


z2* CLK16 — 125 
f175 delay max - 10 
Ts125 delay max - 20 
#125 setup max - 3 
Max allowed delay HE HE HH 92 


Refresh wait state BUSRDY high setup to BCLK rising 


Fi2Zs setup max 3 
FOS delay 6.6 
SETUP HHH 1¢ 


CFU memory or I/O command wait state 
BUSREIY high setup to BCLE rising 


F74 setup max 3 
SETUP HHREHRHHHHE ba 
CFL 16 bit memory command wait state 
BUSRDY low delay from command active 
3 # CLKL6 1&7 
CMD from CLK16# in PAL - 15 
command from CMD in PAL - 15 
F74 preset delay - 11 
F175 setup max - 3 
Max allowed delay HHH HEHE 143 
CPU 16 bit I/0 cammand wait state 
BUSROY -aw delay from command active 
a # CLEL14G 25 
CMO from CLK1ié6# in PAL =~ 15 
command from CMD in FAL -~ 15 
F74 preset delay - 11 
Fi75 setup max - 33 
Max allowed delay HAE Heat He at Se Heat 81 
CPU & bit command wait state 
BUSRDY low delay fram command active 
8 # CLK16 300 
CMD from CLK16* in PAL - 15 
command from CMD in PAL - 15 
F74 delay max - 11 
Fi7vS setup max - 3s 
Max allowed delay HHHHTHRHHHH Ae 


CFU minimum command active from BUSRDY high after added wait state. 


2 # CLK14 1238 
CMO fram CLEL6é# in FAL + & 
command from CMI in FAL + & 
F74 setup min + Oo 


Cammand active HHH HHH HHH qe 
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CPU maximum command active from BUSRDY high after added wait state. 
4 * CLK16 250 
CMD from CLK14# in PAL + 15 
command from CMD in PAL + 15 
F74 setup max + 3 
Command active HAE EE EEE 282 


NOWS* delay from MRDC# or MWTC# 146 bit memory cycles 


1 * CLK1i6 62 
CMD from CLK16*# in PAL - 15 
command from CMD in PAL - 15 
F74 setup min - 3 
Max allowed delay HHH 2? 


DMA memory read, I/0 write command additional wait state 
BUSRDY low delay from memory read cammand active 


4 *# CLE14 250 
f74 delay maz - 11 
1s125 delay max - 20 
LS243 delay max -~ 15 
f74 delay BUSROY to DRDL max - li 
fi75 setup - = 
Max allowed delay HHH HHH 127 


DMA 170 read, memory write command additional wait state 
BUSRDY low delay from I/G read command active 


8S * CLK16 500 
1/0 write delay from DCLK max -190 
1s243 delay max - 15 
£74 delay BUSRDY to DRD1 max - 11 
Ffi75 setup ee) 
Max allowed delay HHHHHHRHRH Sel 


DMA MARU active time 


2 «x DOCLE cycle S00 
DMA IORC# active time 

3 x DCLK cycle 750 
DMA MWTC#, IOWC# active time 

zx DCLK cycle 500 

S237 Write command shrinkage 100 

Active cycie time Se EEE EE 400 


System memory read access time from MRDC# (Non CPU cycles) 


M-IO from MRDC# in PAL 15 
4 x CLE32 (COMIO te MCAS+#) 125 
MTAZS to CARs? in FS delay mas = 
LAS access time in RAM max 25 
Data buffer delay Fé57 (mem card) 10 
Data buffer delay LS245 15 
Data buffer delay ALS245 (copy but) 15 


Access time HH EE 220 
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Data setup to MWTC# for system RAM (Non CPU cycles) 

M-IO from MWTC# in PAL - 10 

4 x CLKS2 (BDMIOQ to MCAS#) -125 

MCAS*® to CASK*® in F32 delay max - 10 

Data buffer delay FéS7 (mem card) 10 

Data buffer delay LS245 15 

Data buffer delay ALS2Z45 (copy buf) 15 

Data setup before MWTC# xe tetenee -100 


Required I/O data access time from IORC# for BMA write to RAM 


4 * CLK14& cycle time (IORC# to MWTC#) 250 
System RAM data setup before MWTC# 100 
DMA 1/0 read access time ###teH HHH 350 


DATA valid after IOWC# Tow during DMA read from RAM 


DMRA# from DOLK in F74 delay il 
XMRDOC# from OMR@+ in Ilsizt delay 18 
MRD from XMROC# in 15243 15 
System memory access time from MRODC# 220 
XIOWl# from DOLE in S237 min? - 70 
IOWC# from XIOWC# in LS24s - 15 
DMA data valid from IOWC# Tow HRERHHHH ITY 


DATA setup te IOWL*# high during DMA read from RAM 


2» DOLK cycle time 500 
DMA controller Write low shrinkage - 100 
DMA data valid from IOWC# low - 179 


Data setup to IOWC® high HHHEHREH 221 
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32 BIT EXPANSION BUS DEFINITION 


BUS Signal 
Fin Name Description 
E38 PARIT*# 


This input signal is used to signal the CPU about parity errors. This 
signal has a 2Okohm pullup resistor and may be driven low by either an 
open collector type output or a normal output capable of sinking 4.9 
mA and sourcing 1.0 mA when an uncorrectable system error occurs. 


E2-FS5 PDO-PD7 
These bidirectional signals are the 8 bits of the processor data bus 
selected at an address that ends in OO (binary). They should be used 
for the transfer of memory data when the 32 bit bus is selected. 
These lines shauld be driven during S2 bus memory read cycles when 
qualified by the BEO# signal qnuing active. At ather times this bus 
Should mot be driven. During a write cycle the data on these lines is 
valid anly when BEO# is active. The bus should have a maximum of 
1.0mA lead in the low state and 0.4mA lead in the high state when 
driven by the motherboard and a maximum capacitive loading af 40pF. 
The 32 bit beard must be able to drive 1290pF and sink 4.0mA and source 
1.O0mA when driving these Tines. 


E4-F9 POS-PD1LS 
These bidirectional signals are the S bits of the processor data bus 
selected at an address that ends in O1 (binary). These lines are 
qualified by BE1# similar to PODO-PD7 and BEO# described above. The 
electical parameters are the same as PDO-PD7 described above. 


E16-F13 PR1Ié-PD2> 
These bidirectional signals are the & bits of the processor data bus 
selected at an address that ends in 190 (binary). These lines are 
qualified ty BES* similar tea FOO-FO7 and BEO# described above. The 
electical parameters are the same as FPODO-FDY described above. 


E14-F1i7 PD24~FD31 
These bidirectional signals are the & tits of the processor data bus 
selected at an address that ends in 11 (binary). These lines are 
qualified by BES* similar to PDO-PD7 and BEO# described above. The 
electical parameters are the same as PDO-PD7 described above. 


E1iS-F23 PA2-FA23 
These output signals (in addition to PASI) address memory devices and 
special cantrol registers on the 32 bit memory bus. They form the 
high order 22 bits of the 24 bit standard address that the system 
effers. The bus should have a maximum of 1.0mA load in the low state 


and 2.4m load in the high state and a maximum capacitive leading of 
4apF. 
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E36 PA31 
This output signal (in addition to PA2Z-PA23) addresses special control 
registers or system memory on the 32 bit memory bus. The line should 
have a maximum of 1.0mA load in the low state and O.4mA load in the 
high state and a maximum capacitive loading of 40pF. 


E3S LOWAZO 
This output signal (when low) indicates when the address line PA2O 
should be ignored and the address decoded as if the PA2ZO line was low. 
When high, the PA2O line is decoded as normal. This is used to 
provide software compatibility for those programs that expect only a i 
megabyte address space. The line should have a maximum of 1.0mA load 
in the low state and 0.4mA lead in the high state and a maximum 
capacitive loading of 40pF. 


F230 BEO# 
This enutput signal (when law) indicates when the 32 bit memory board 
should operate oan the PDO-FD7 data lines. The line shauld have a 
maximum of 1.0mA lead in the low state and O.4mA lead in the high 
state and a maximum capacitive loading of 40pF. 


E30 BE 1+ 
This output signal when low) indicates when the Be bit memory board 
should operate on the FDS-PDIS data lines. The line sheuld have a 
maximum of 1.0mA lead in the low state and 0.4mA Toad in the high 
state and a maximum capacitive loading of 40pF. 


F2° BE2+ 
This output signal (when low) indicates when the 32 bit memory board 
should operate on the FDI4—-PD23 data lines. The line shauld have a 
maximum of 1.0mA load in the low state and 0.4mA load in the high 
state and a maximum capacitive leading of 40pF. 


Ez? BES 
This sutput signal (when low) indicates when the 32 bit memory board 
should operate on the PD24-PD31 data lines. The line shauld have a 
maximum of 1.0mA load in the low state and 0.4mA load in the high 
state and a maximum capacitive loading of 40pF. 


BO2 RST+# 
This output signal is used to reset the hardware during powerup or 
power failure. This signal is net synchronous with the CLK32 or 
CLK1Ié* lines. It is active low. 


E33 CLK32 
This autput signal is the main processor clock. Its frequency will be 
S2mH= with a duty cycle of abaut 50%. This line should be used as the 
timing reference for all processor memory cycles. The line sheowld 
have & maximum of 1.0mA load in the low state and O.4mA load in the 
high state and a maximum capacitive loading of 40pF. 
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F33 CLK1&# ; - 
This output signal provides a reference for the internal processor 
clock phase. Its frequency will be 16mHz with a duty cycle of about 
50%. This line will be high during CFU phase one and low during phase 
two. The line should have a maximum of 1.OmA load in the low state 


and 0.4mA load in the high state and a maximum capacitive loading of 
AOpF. . 


F34 M32 
This input signal (when low) indicates that the 32 bit memory board 
has decoded an address which it will handle. This line should be 
decoded ONLY off the address and LOWA20 lines as it will be used 
during both CPU cycles and other bus master cycles. This signal has 
a 2Okohm pullup resistor ta held it inactive when a SZ bit board is 
net installed and should be driven by an scutput capable of sinking 4.0 
mA and sourcing 1.9 mA with a SOpF load. 


Fsé BHLDA 
This sutput signal when inactive (low) indicates that the CFU has 
control of the bus. When active, same other bus master has contral of 
the bus. This line should be used tao determine the protacal used by 
the memory board for a memory cycle. The signal sheauld have a maximum 
wf 1.0mQ load in the low state and O.4mA load in the high state anda 
maximum capacitive loading of 40pF. 


ES1 ANS# 
This output signal (when rising) indicates that valid status and 
address has been put on the bus by the CPU and the 32 bit memory board 
should begin (Cor complete) it’s cycle if it is selected (MS32* set 
lew). This line is always high when a DMA or bus master aperation is 
eccurring. The signal sheuld have a maximum of 1.0mA load in the low 
state and O.4mA load in the high state and a maximum capacitive 
leading of 40pF. 


Fil M-I0 
This output signal is one of the status lines which indicate the type 
of cycle that is in progress. Refer to the status cycle type table 
for the type of cycle indicated. The signal should have a maximum of 
1.0mA lead in the law state and 0.4mA load in the high state anda 
Maximum capacitive loading of 40pfF. 


E32 Q-c 
This output signal is one of the status lines which indicate the type 
of cycle that is in progress. Refer ta the status cycle type table 
for the type of cycle indicated. The signal should have a maximum of 
1.0mA load in the law state and O.4mA load in the high state and a 
Maximum Capacitive lnading of 40pF. 
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F32 W-R 
This cutput signal is one of the status lines which indicate the type 
of cycle that is in progress. Refer to the status cycle type table 
for the type of cycle indicated. The signal should have a maximum of 
1.O0mA load in the low state and 0.4mA load in the high state anda 
maximum capacitive loading of 40pF. 


E34 MRDY * 
This input signal is used to signal the end of a memory cycle when the 
32 bit board is accessed by the CPU. This signal has a 20kohm pullup 
resistor to hold it inactive when a 32 bit board is not installed and 
should be driven by an output capable of sinking 4.0 mA and sourcing 
1.0 mA with a SOpF load. 


F3s NAM* 
This input signal is used to signal the CFU when the 32 bit board is 
finished with the address and status information and the CPU may put 
out it’s next address. This signal has a 2Okohm pullup resistor toa 
hold it inactive when a 32 bit board is not installed and should be 
driven by an output capable of sinking 4.0 mA and seurcing 1.0 mA with 
a SOpF load. 


Fu? READYs 
This output signal indicates the end ef a CPU cycle by either tne 32 
bit memory board or the system board. The signal sheauld have « 
maximum of 1.O0mA load in the low state and 0O.4mA toad in the high 
state and a maximum capacitive loading of 40pF. 


E37 NA# 
This output signal indicates when the cystem board or the memory board 
is done with the address and status information and the CPU may put 
nut it’s next address. The signal should have a maximum of 1.0mA load 
in the Tow state and O.¢nA Toad in the high state and a maximum 
Capacitive leading af “4 0pF. 


Fi,F39,F40 GND 


These lines are connected ta the system AC and DC ground. The maximum 
current allowed on any single contact is 1.5 amps. 


E1,E3?,E40 +5 Vdc 
These lines are connected to the system power supply for 5 volts. In 
adsition to the maximum power available from the supply, the maximum 
current allowed on any single contact is 1.5 amps. 
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TUErrrrerrrrrererer 


Note 1: 
Note 2: 


Cycle types as indicated by status: 


JA M-I0 D-C W-R 


L L L 
L L H 
L H L 
L H H 
H L L. 
H L H 
H H L. 
H H H 
L L L 
L L. H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 


CFU Interrupt Acknowledge 


- Code never produced 


CPU 1/0 read 

CFU I/0 write 

CPU Memory code read 
CPU halt or shutdown 
CPU Memory data read 
CPU Memory data write 
Code never produced 
Non CPU refresh read 
Non CPU memory write 
Non CPU memory read (note 1) 
Code never produced 


Nom CPU refresh cycle (Before or 


Non CPU net produced (mate 1) 
Non CPI No cycle in progress 
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after) 


poessifle occurance on transition to/from memory write. 


other status lines are net guaranteed tu 


the transition of BHLDA from law to high 


BUS TIMING INFORMATION 


Status inactive setup to BHLDA high 


D4-SMSC turnonm pal min 4 
SETUF HEHEHE 4 
Status inactive hold to BHLDA low 
CLE16# cycle time é2 
34 HOLDIA delay min + 4 
D4-SMSC delay max 7 LS 
HOLD HHH HHH 5 
Refresh cycle time (M-IG low time) 
2 * BCLK cycle 250 
Isi2S delay delta +/- 10 
D4-SCMD pal min +/- 5 
CYCLE time max SFE HEHE HE GE HEE 235 
CYCLE time min SEES HE EH aE 265 
Refresh address setup to M-IO low 
BCLK cycle 125 
1sS?0 delay max - 25 
1s244 delay max - 15 
Ts245 delay mas - 15 
Tsi2h delay min + 7 
D4~-SCMD pal min + 5 


SETUP 


HHRTHRRKE 


be high until 


after 
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Refresh address hold from M-IO0 high 


18590 delay min + S&S 
1s245 delay min : + & 
ae ls1Z5 delay max - 20 
D4-SCMD pal max - 15 
HOLD HKEKHHKHHAH - 25 
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Data setup before M-I0 low during BHLDA high write cycle 


MWTC® to M-IO in D4-SCMD pal delay min + 5 


286 product data setup to ne - 4% 
data delay in 15245 - 128 
SETUP 3 FE FE HE HE HE He SE at - &1 


Required data access time from M-IG during BHLDA high 


234 product access time from MRDC# 200 
D4-SCMD pal max - 15 
data delay in 1s245 max - 18 
REGUIRED ACCESS TIME HHH HEH HH 147 


Minimum cycle time (M~ICG low) during BHLDA high 
234 product MROC# Tow 250 


read cycles 


Minimum total cycle time (M-I0 Tow to M-IG low) during BHLDA high 


256 product MROC# low 375 
Maximum cycle time (M-I0 low) during BHLDA high 

284 product MRDC# low 10000 
Required MRDY* setup to CLK32 during CPU cycle 

386 setup time min 29 

FOS delay max 7 

SETUF HEHEHE HK 27 


Required MRDOY# hold from CLESE during CFU cycle 
S36 held time min 


FOS delay min aa Oe. 

HOLD HH HEE HEHE EEE 1 
Required NAM* setup to CLK32 during CPU cycle 

386 setup time min 10 

FOS delay max 7 

SETUP HAM 17 
Required NAM# hold from CLK32 during CPU cycle 

386 hold time min 20 

FOS delay min - Zz 

HOLE HEHEHE IE HE HE HE TEE 15 


Other setup, hold, and delay times from the CPU should 
be taken directly from the INTEL 80386 specifications. 
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The 32 bit bus is intended for use by a memory board which is able to 
respond to CPU requests for data up to 32 bits at a time. This board 
is also expected to operate at very high cycle rates. Since the 
master CPU operates at 16mHz clock rate, and uses two clock cycles for 
a fastest possible memory cycle, the memory board would have to do 
full speed memory cycles in 125 nsec. Since tne CPU allows pipelining 
of the address and status for the next cycle during the current cycle, 
the memory board should take advantage of this to gain an effective 
clock cycle to do address decoding etc. The remainder of this 
discussion assumes the use of CPU pipelining. 


The 32 bit memory board is required to indicate to the system board 
when an address from the 32 bit bus will be handled by the memory 
board (Cassumeing that the cycle type is a memory cycle). This is 
accamplished by the M32* line. The system board combines this line 
with the status from the CFLi and determines if a legal SS bit memary 
cycle is being started. If it is, the system board will do nothing 
with the CFU, leaving all control toa the memory board. If the status 
indicates some cycle other than memory Ceven if Maze is active) or if 
MSB2% is inactive, the system board Togic will rum the complete cycle 
ta the CFU including the driving of the NA# and READY signals. 


The system board uses the CFU pipelining ability ts get a start an 
operations. Since the system board cannot know if the mext cycle is 
for the 32 bit memory or system beard, it always starts the CPU 
pipelining with the NAB#® signal. Therefore it is required that the 
memory board understand this and not finish a pipelined memory cycle 
before the system board is done with a system cycle. 


The expected way that the memory board determines that it can run a 
cycle is to wait for the rising edge of ADS*. This will ensure the 
completion of any system board cycle and prevent collisian af the 
comtrol logic on the two systems. Memory aperatians mot requireing 
the driving of MRDY# or the presence of valid write data, can be done 
before the rising edge of ADS#. Since NAM*® will have na direct effect 
on the CFU until after a previous cycle is complete, it may be driven 
whenever necessary. Note that since MS2* is to be a direct decode 
from address, it must be driven regardless of ADS+#. 


If the 32 bit memory board is to operate with no wait states, it will 
be necessary to drive NAM# as soon as a valid memary cycle is detected 
(NAM# must be synchronized with the CPU clock). If wait states are 
inserted then NAM# can be driven later in the memory cycle. 


When the 32 bit memory board is finished with a cycle, it must assert 
MRDY# to tell the CPU that it is complete. During a read cycle, the 
data should be gated onte the bus during this time. 


During mon pracessor cycles (BHLDA is high) the memory board must run 
the memory cycles at least as fast as the original 256 memory boards 
because there is mo way ta add wait states to external bus masters 
from the 32 bit board. The required access time and cycle time are 
listed in the timing tables. 
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When BHLDA is high, the protocal for accessing the memory changes. 

The M-IO line becomes a memory strobe, and the D-C and W-R lines 
become equivalent to a refresh control signal and a write enable 
Signal. Note that on the leading edge of BHLDA, that the other status 
lines may not be valid. Therefor it will be necessary to provide some 
sort of glitch protection during this transition. Also be aware that 
the data is not guaranteed to be valid until some time after the M-IO 
line (memory strobe) appears. This is probably not a problem for 
dynamic memory, because the RAS to CAS delay will exceed the data 
setup time, but may be a problem for other memory designs. 


to 
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PAGE MODE D4 DYNAMIC RAM BOARD 


The dynamic memory subsystem for D4 is designed to get the most out of 
the SOSS6 processor and still use relatively inexpensive dynamic 
memories. Toa do this, the memory subsystem provides the following 
features: 


32 bit wide memory data path. 


One megabyte of standard memory using 256k x 1 DRAM ICs and 
One megabyte of upgrade memory and one of two option boards. 


Option RAM board design allows two megabytes of additional 
memory using 256k x 1 DRAM Its. 


2nd Option RAM board design allows eight megabytes of 
additional memory using 1024k » 1 DRAM ICs or 256k x 4 DRAM 
ICs. 


14 mHz operation of the processor/memory interface. 


Two wait states on the first CPU memory cycle follawing a hold 
or idle state. CINITIAL CYCLE). 


Zero wait states when sequential memory cycles fall within the 
same 204% byte address page. (PAGE HIT CYCLE). 


Two wait states when sequential memory cycles do NOT fall 
within the same 20458 byte address page. (PAGE MISS CYCLE). 


Seperate Parity checking on each byte of the 32 bit double 
word. 


Tiiagnostic port allows the determination of the specific bytes 
within the double word om which a parity error occurred. 


ROM “replacement” ability; 128k bytes of the RAM may be used 
ta replace the system ROMs to increase the speed of the ROMs 
to RAM speed. 


The ROM "replacement”™ RAM area can be protected from being 
written by errant software. 


Be 
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This "Page Mode" usage of the dynamic RAM generally averages to about 
one wait state with typical software or an average cycle time of 187 
msec. Note that "sequential" memory cycles means that the CPU begins 
requesting a new memory cycle before the current cycle is complete. 

If the CPU inserts an idle state between cycles because it is busy, 
the memory system will terminate the "PAGE HIT CYCLE" and revert to an 
“INITIAL CYCLE". 


The system responds to the system DMA and refresh as expected, but 
since these are much slower than CPU cycles the memory subsystem runs 
standard multiplexed RAM cycles with no wait states on refresh or DMA. 


The memory system can execute 11 different types of memory cycles 
depending on the conditions af the CPL and DMA. A listing of cycles 
follows; 


1) Initial read cycle from Idle or bus Hold. 
2) Initial read cycle from system board cycle. 
ZS) Initial write cycle from Idle or bus Hold. 
4) Initial write cycle from system board cycle. 
=) Read Fage Hit cycle. 

4) Write Page Hit cycle. 

7) Read Page Miss cycle. 

S) Write Page Miss cycle. 

9) Refresh cycle. 

19) DMA read cycle. 

11) DMA write cycle. 


The logic for the state to state transitions and the generation of the 
master memory strobes is contained entirely within one PAL (Programmed 
Array Logic) device (D4-RCTL). The legic for determining the hit/miss 
status of a cycle consists of two latches to remember the previous 
page address and two identity comparitars to check that the current 
address matches. Since the CFU is operated in the "pipelined address" 
made, the address changes before the memory cycle is finished. The 
column (address within the page) address and byte enables are 
therefore latched by two more latches. Address multiplexing is 
accomplished by three multiplexor ICs, and the multiplexed address is 
buffered by additional buffers (Cone for each bank of 36 DRAMs). Two 
additional PAL devices are used to decode the system address, one 
Provides the signal (M32*) which tells everybody that the memory board 
will contre] the bus, and the other decodes the address for the two 
banks of memory on the main memory board. 


Data buffering and parity checking is done by four parity trancievers. 
These devices seperate the memory data bus from the cpu data bus and 
generate the parity for the DRAMs during write cycles and check the 
parity during read cycles. The logic that controls the buffers always 
generates ar checks all four bytes even when only a single byte in 
memory 1s being accessed. For write operations, the resulting data is 
ignored by the DRAMs which are mot selected. For read aperations, a 
set of pullup resisters on the data bits assures a legal (EVEN) parity 
check. This alse implies that an incomplete bank of DRAM which was 
enabled, would mot cause parity errors during software tests. 
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ADDRESS DECODING 


The memory subsystem responds to the following addresses (address 
range given in hexadecimal): 


ADRESS RANGE size BANK address decoded; 

000000-03FFFF 254K always. 

040000-O7FFFF 256K when the Si2k jumper is active (2-3). 
OS0000-O9FFFF 128K when the 640k jumper is active (5-6). 
OEQOOO-OFFFFF 128K when ROM replacement active (Note 3). 
10Q0000-13FFFF 254K (Note 1). 

1Q00000-13FFFF 256K (Note 2). 

140000-1FFFFF 768k when the 1M jumper is active (8-9). 


2OO000-2FFFFF 1024k hank 2oon 2M option board when present. 
B3Q0Q0000-SFFFFF 1024k bank 3 on 2M option board when present. 
ZOOQOO-SFFFFF 4076: bank 2 on SM option board when present. 
500000-9FFFFF 4074b bank 3 on BM aptien beard when present. 


F40000-F7FFFF 256k 
FSOOOQQO-FSFFFF 125k 
FAQOOO-FDFFFF 256: 
FEQOOO-FFFFFF 128k 


when the Sl2k jumper is inactive (1-2). 
when the 440k jumper is inactive (4-5). 
always 

always (Note 3). 


ooOoOdOUNANe Hs OOGOO 


SOCOo000 i byte diagnostic byte (read) address. 
SOCOd000 1 byte control byte (Cwrite) address. 


x 
Note 1) Actually addresses OOOGOOO-OSFFFF when LOWA20 is inactive. 
Note 2) This is not addressed when LOWA2ZO is inactive. 
Note 3) When ROM replacement is active, writing to this address range 
can be disabled. 


The diagnestic byte Cat SOCOOOO00h read only) has several functions. 
When reading the byte, the value returned is as follows: 


tit oO parity status of byte 9 (0 is error) 

bit 1 parity status of byte 1 (O is error) 

bit 2 parity status of byte 2 (0 is error) 

bit 3 parity status of byte 3 (0 is error) 

bit 4 Si2k jumper status (0 is active) 

bit 5 640k jumper status (O is active) 

bit & 1M jumper status (0 is active) 

bit 7 2 or 8S Mbyte option board (O is installed) 
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The control byte (at 80C00000h write only) is shown below. 


bit 0 ROM replacement (O replaces) 

bit 1 ROM space write protect (O protects? 
bit 2 reserved (write a 1) 

bit 3 reserved (write a 1) 

bit 4 reserved (write a 1) 

bit 5 reserved (write a 1) 

bit 6 reserved (write a 1) 

bit 7 reserved (write a i?) 


The control byte is also used to clear the diagnostic byte parity 
status. When writing this byte (with any value) the parity status 
bits will be reset to ones. 


The 128 kbytes fram OFEQOOOh to OFFFFFFhH is used to simulate a system 
ROM. In the original 254 products, this space was occupied (double 
mapped) by the system ROMs. For the D4 machines, this space is 
eccupied by RAM oan this board. To provide compatibility with previous 
products, the system ROM should be copied ta this space. Teo allew 
faster execution of ROM resident software, this beard provides the ROM 
"replacement" function. When replacement is enabled, the RAM board 
decodes address range OOEOODOOh to OOFFFFFhR and puts the 12Sk of RAM 
here, replacing the system ROM. After POWERUF, the ROM replacement 
function is disabled. 

Because normal system ROMs could not be written, a write protect 
function is being included in the RAM board for the two address spaces 
mentioned above. When replacement is not enabled, only OFEOOOOh to 
OFFFFFFh is protected (the normal rom space still contains the 
unwritable ROM). When replacement is active, both spaces can be 
protected. After FOWERUP, the write pratect funtion is disakled. 


The diagnostic byte parity status should anly be read with the system 
board JIOCHK disabled because reading the port may cause a parity 
error. As a result of this, the status will anly be accurate the 
first time it is read after a parity clear operation. Before doing a 
memory test, the control byte should be written to clear the parity 
status, and after reading the diagnostic byte, the status should be 
cleared again. 


In normal operation, if a parity error occurs, the PARIT# line from 
the memory card is set active which in turn sets the IOCHK# line to 
the system active. The IOCHK*® line (error) from the memory card is 
automatically cleared by the first write to memory covered by the 
beard (normally the stack push from the NMI). The parity status is 
still available until the diagnostic byte is read, so the byte Cand 
board if it is the memory board) in error can be determined. 
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JUMPER SETTINGS 


E123 jumpers 
1=2 3 4=5 6 7=8 9 


1 2=3 4=5 & 7=8 9 
1 2=3 4 3=6 7=8 9 
1=2 3 4=5 6 7 8=9 


1 2=3 4=5 6 7 8=9 


following jumper 


settings are ta 


base 
extended 
base 
extended 
base 
extended 
base 
extended 
base 
extended 
base 


, extended 


sees 
page 539 


odenuaes os, 
1987 


000000-OSFFFFh = 
000000-0O7FFFFh 
000000-9FFFFFh 


000000-93FFFFh 
1QO0000-1FFFFFh 
000000-O7FFFFh 
100000-1FFFFFh 
000000-9FFFFFh 
100000-1FFFFFh 


be avoided at all cast; 


destroy power supply 


destroy power 


OPTION BOARD FRESENT BITS 


OK 

2048K 
&144K 
B192K. 


rerre 
rrrirtn 


200000-3FFFFFh 
400000~-9FFFFFh 
200000~-9FFFFFh 


(NOTE: 
both 8M and 2M strobes) 


supply 


The 8 Meg board asserts 
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DETAIL CYCLE DESCRIPTION 


INITIAL READ CYCLES FROM IDLE. All CPU memory cycles start with 
the processor presenting an address, status, and address strobe 
(ADS#). The memory system decides whether to respond to these in the 
D4-RM32 PAL. This device decodes the address and jumpers and asserts 
the M32# line active. The system board uses this line to disable 
itself and the memory board control PAL (D4-RCTL) uses the line (in 
combination with the status and ADS#) to start a cycle. 

In the initial cycle case, the control state machine begins by 
switching the DRAM address multipexor to the ROW address via the 
signal SWMUX#. One CLK32 cycle later, the Master Row Address Strobe 
(MRAS*) is asserted. MRAS# is combined with a decoded bank select 
Signal (RSx%) ta form the complete RASx# strobe for the memories. 

The bank select siqnal is decoded in a FAL (D4-RRAS) from a set of 
latched row addresses. The row address latches are of the "fall 
through” type, they are open ta address changes when MRAS# is inactive 
(highd. The main purpose of the latches is to provide a memory of the 
last row address for development of the hit/miss signal but they alsa 
buffer the processor address for the bank decode PALS ta prevent 
overloading of the CFU. 

Once RASx# is active, the SWMUX* signal changes back to the column 
address (one CLES2 cycle later tea satisfy row address held times). At 
the same time, the NAM# signal (next address) is set active to tell 
the CPU that it may put the next address onto the bus (two CLK32 
cycles later). 

After one CLK32 cycle, the column address latch is closed ta 
prevent the column address from changing during the CAS# cycle. Also 
the MRD# signal is set active to enable the data buffer to the CFU. 
After an additional clock cycle, the master Column Address Strobe 
(MCAS#) is set active, enabling DRAM cutput buffers. At the same 
time, the processor ready signal is set active (MRDOY#) (and the NAM+ 
is set inactive) signalling the presence of data and the end af the 
cycle ta the CFU. Ailsa at the same time, the processor begins ta put 
the next address and status om the bus (if it is ready ta). 

Two clock cycles later, the memory cycle ends by bringing the 
MCAS#, MRD#, and MRDY* inactive, and CLAT signal active. During the 
two cycles, the data from the BDRAMS propagates through the data 
buffers and parity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD+#. 

The total time from CPL address strobe to the end of MRDY* is 
eight CLK32 cycles, or four processor states. Since the CPU can 
execute a memory access in two states, we have inserted two wait 
states. F 
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“INITIAL READ FROM SYSTEM BOARD. The only difference from the 
initial read from idle is that the memory cycle must wait to begin 
until the system board is finished with it*s cycle. This is 
determined by ADS# going high. The cycle starts as before with SWM+ 
going active, but MRAS* does not go active until ADS# is sensed 
inactive. Since the system board can respond to wait states on the 
system bus, this period of time could be rather Tong. Once MRAS# goes 
active, the cycle completes as before. 


READ HIT CYCLE. The hit cycles begin during the previous memory 
cycle (of any CPU type). The M32% signal is active as before and the 
new row address must be the same as the last row address held in the 
row latches. The equality is determined by the signal HIT# being 
active. The ADS#, MS2#, status, and HIT# are sampled at the same edge 
of CLK32 that terminates the previous cycle. If all is well (READ 
HIT), the MRAS# signal will cantinue active. Since the MRAS# signal 
and the particular RAS=* signal is still active, the DRAM has already 
decoded the row address and internally fetched it te the column 
selector. All that is necessary is to wait till the column address 
has changed and settled and the CAR# precharge time has elapsed before 
another read cam occur. 

Since the CPU must remain in pipelined state, the NAM# signal is 
set active again at the beginning of the READ HIT cycle. 

The calumnm latch is closed again (CLAT goes inactive) one CLES2 
cycle after the beginning of the cycle to prevent the column address 
from changing during the CAS# cycle. Also the MRD# signal is set 
active to enable the data buffer to the CPU. After an additional 
clock cycle, the master Column Address Strobe (MCAS#) is set active, 
enabling DRAM output buffers. At the same time, the processor ready 
signal is set active (MRDY#) (and the NAM* is set inactive) signalling 
the presence of data and the end of the cycle ta the CFU. Also at the 
same time, the processor begins tea put the mext address and status on 
the bus Cif it is ready tea). 

Tws clock cycles later, the memory cycle ends by bringing the 
MIAS+, MRO#, and MRDY* inactive, and CLAT signal active. Uuring the 
two cycles, the data from the DRAMS propagates through the data 
buffers and parity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD#. 

The total time from the end of the previous CPU memory cycle ta 
the end of MRDY® is four CLKS2 cycles, or two processor states. Since 
the CPU can execute a memory access in two states, we have inserted 
zero wait states.’ 


Pei otal Be 98 sn Fa Ba tee 
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READ MISS CYCLES. The miss cycles begin during the previous 
memory cycle (of any CPU type). The M32# signal is active as before 
and the mew row address are different than the last row address held 
in the row latches. The inequality is determined by the signal HIT# 
being inactive. The ADS*#, M3SZ2#, status, and HIT* are sampled at the 
same edge of CLK32 that terminates the previous cycle. If all is not 
well (READ MISS), the MRAS# signal will be set inactive. 

Once MRAS* is set inactive, the RAS#* precharge time must be met. 
To do this, the control state machine waits two CLK32 cycles and then 
begins by switching the DRAM address multipexor to the ROW address via 
the signal SWMUX#. One CLK3S2 cycle later, the Master Row Address 
Strobe (MRAS#) is asserted. 

Once MRAS# is active, the SWMUX# signal changes back to the column 
address (one CLES2 cycle later toa satisfy row address hald times). At 
the same time, the NAM# signal (next address) is set active tos tell 
the CPU that it may put the next address onto the bus (twe CLES2 
cycles later). 

After one CLK3S2Z cycle, the column address latch is closed tu 
prevent the column address from changing during the CAS# cycle. Als« 
the MRDO# signal is set active ta enable the data buffer to the CFU. 
After an additional cleck cycle, the master Column Address Strobe 
(MCAS#) is set active, enabling DRAM output buffers. At the same 
time, the processor ready signal is set active (MRDY*#) (and the NAM*# 
is set inactive) signalling the presence of data and the end of the 
cycle to the CPU. Also at the same time, the processor begins tu put 
the next address and status on the bus (Cif it is ready to>. 

Two cleck cycles later, the memory cycle ends by bringing the 
MCAS#, MRD#*, and MRDY# inactive, and CLAT signal active. During the 
two cycles, the data from the DRAMS propagates through the data 
buffers and parity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD#. 

The tetal time from the end of the previous CFU memory cycle ta 
the end of MROY*® is eight CLEBS cycles, ar four processor states. 
Since the CFL can execute a memory access in tus states, we have 
inserted twee wait states. 


WRITE CYCLES. The four types of write cycles are very similar to 
the read cycles discussed above. The difference is in two places. 
Instead of MRD* being set active, the MWE* signal is set. The MCAS# 
is enabled ane clock cycle later to allow an adequate data setup time 
to the DRAM ICs and only lasts for one CLK32 cycle. 


oo 
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REFRESH. The three types of non CPU cycles are signaled by the 
MHLDA signal. When this signal goes active, the meaning of the status 
lines from the system board is changed. As a result, the memory board 
operates differently. 

The status line which controls the actual memory cycle is (M-IG). 
Since this line is completely asynchronous to the CLK32 clock, 
synchronization is necessary to prevent metastable states and glitches 
which would destroy the contents of the DRAM. The M-IO line is fed 
through a 74F74 flip flop which is clocked by CLK32 before being sent 
to the D4-RCTL PAL state machine as the signal DMIO. 

Refresh is determined by the state of the D-C line (refresh when 
low). When the state machine senses D-C low and DMIO active, MRAS# is 
set active. Because the address multiplexor was not switched to the 
row address, the column address lines are fed ta the DRAM. The reason 
for this is that the column lines are the low order address lines from 
the system board, and they contain the refresh row address. 

One CLESS cycle later the SWM# siqnal is set active. This changes 
the DRAM address, but has no effect on the refresh cycle. The SWM# 
(and CLAT) signals are being used only as state lines ta caunt time in 
the state machine. 

One CLESS cycte Jater the CLAT signal is set inactive and ane more 
cleck later the SWM# is set inactive. After one more cleck, the MRAS+# 
signal is set inactive giving a total time of four clocks for MRAS# 
active. The CLAT signal remains Tow until DMIO is inactive ta prevent 
the MRAS# cycle from restarting. 


DMA READ CYCLE. The DMA read cycle begins when HLDA goes active 
and D-C remains high. The SWM* is set active to get the row address 
to the DRAM and the state machine then waits for the DMIO, M3S2#, and 
W-R lines to go active signaling a DMA cycle. When this occcurs, the 
MRAS# gees active to strobe in the row addresses. One clock later, 
SWM* goes inactive te set up the column addresses ta the DRAM. After 
ane more cleck, MTAS# goes active and the data begins to come sut of 
the DRAM. 

On the next clock, the CLAT signal gues inactive and on the next 
Clock MRAS# goes inactive. This leaves MRAS# active for four CLKS2 
cycles. The CLAT signal will remain inactive (low) and the MCAS# will 
remain active until DMIO gses inactive. Holding MRDO# and MCAS# active 
insures that the data will remain until the DMA device needs it. 
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DMA WRITE CYCLE. The DMA write cycle begins when HLDA goes active 
and D-C remains high. The SWM# is set active toa get the row address 
ta the DRAM and the state machine then waits for the DMIG, M3S2s, and 
W-R lines to go active signaling a DMA cycle. When this occurs, the 
MRAS* goes active to strobe in the row addresses. One clock later, 
SWM# goes inactive to set up the column addresses to the DRAM. After 
one more clock, MCAS# goes active and the data is written to the DRAM. 

On the next clock, the CLAT signal goes inactive and on the next 
clock MRAS*® goes inactive. This leaves MRAS# active for four CLK32 
cycles. On the following clock, the MCAS#* signal goes inactive to 
terminate the write cycle. The CLAT signal will remain inactive (low) 
until after DMIO goes inactive to prevent the cycle from repeating. 


ALL DMA CYCLES. On all of the above DMA cycles, SWM* will gua 
active whenever the HOLDA and D-C lines are high. To prevent 
interference with the CFU cycles at the end of the hold state, the 
NAM# line is used as a state memory of the hald state. NAM# goes 
active one clock cycle after SWM# goes active (during HOLDA) and 
remains active until HOLDA gees inactive. The CPU portion of the 
state machine will de nothing unusual until both NAM and SWM# ga 
inactive. 


TIMING ANALYSIS FOR PAGE DRAM BOARD 


M32# setup to CLK32 for cycle start. 


2x CLK32 62.5 
CPU address delay - 40.9 
D4—-RM32 PAL delay - 12.0 
D4-RCTL PAL setup - 10.0 
MARGIN 9 atsttrataese tee + 0.5 
HIT# setup to CLESS for cycle start. 
= = CLESS 42.5 
CPU address delay - 40,90 
FS21 delay - 11.90 
F32 delay - 6.6 
D4-RCTL FAL setup - 10.0 
MARGIN #itseatseseeae - 5.1 
NAM# output setup to CLK32 on system board. 
CLK32 31.2 
D4-RCTL PAL delay - 10.9 
F32 delay (sys board) - 6.8 
CPU setup (sys board) -~ 19.90 


MARGIN HEME 4.6 


Read data access from Coalumn 
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Read data access from RAS* 


Sx CLK32 
MRAS#* delay D4-RCTL 


January OS, 1987 


156.2 
- 10.0 


F32 + 33 res -delay (200pF load) - 12.0 


DRAM delay from RAS 
data delay through Fé&57 
data setup to 386 
MARGIN 156464646604 


Read data access from CAS*# 


2 x CLK32 

MCAS# delay D4—RCTL 

F32 + 33 res delay (200pF 
DRAM delay from CAS 

data delay through F657 
data setup to 324 

MARGIN  #tstsese aes 


4 «x CLESE 

TLAT delay D4-ROTL 

FS73 delay = 

Fits delay 

BUF + 33 res delay (300pF 
DRAM delay from col add 
data delay through F657 
data setup to 3864 

MARGIN wietseHeseiesese it 


Parity check access fram CAS 


2 =u CLES 

FsS + 323 res delay (200pF 
DRAM delay from CAS 

ere delay through F457 
FOO delay 

Fi7S setup 

F3z delay MIN 

MARGIN 9 344646363634 444 


Row address setup to RAS+# 


1 x CLK32 

Fi58 delay 

BUF + 33 res delay (300pF 
F32 + 33 res delay (200pF 
MARGIN Bitte tetas 


address setup te CAS# 

Zoom CLES 

Favs delay 

FiSe delay 

BUF + 335 res delay (S00pF 
FS2 + SS res delay (200pF 
MARGIN «3sh4e dest ae gest ite 


load) 


address 


lead) 


luad) 


load) 
load) 


load) 
load) 


+ | 

N 
rade 
NWO OUN 
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Write data setup to CAS* 
3 x CLK32 93.7 
MCAS# delay D4-RCTL + 4.0 
F32 + 33 res delay (ZOOpF load) + 5.0 
CPU data delay - 50.0 
parity delay in F657 - 16.0 
MARGIN 33% 422204 36.7 
DMA Read data delay (external bus master). 
286 product access from MRDC# 200 
MRDC# to M-IO delay ~ 15 
data delay in 1s245 max - 16 
4 x CLK32 -125 
MCAS* delay D4—-RCTL - 10.0 
F32 + 33 res delay (20OpF load) - 12.0 
DRAM delay from CAS - 25.0 
data delay through Fé57 - 8. 
MARGIN  #atseesetee - 12.0 
OMA write data setup to CAS# 
4 =x CLER2 125 
parity delay in F657 - 16.0 
System board data setup - 41.09 


MARGIN #8 BHR HHH 42.0 


